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FOREWORD

Section 304(a)(1) of the Clean Wacer Acc of 1977 (P.L. 95-217) requires
the Administracor of the Environmencal Procection Agency ro publish criceria
for water qualicy accuracely reflecting che lacesct scientific knowledge on
che kind and extenc of all idencifiable effects on health and welfare which
may be expected from cthe presence of pollucants in any body of wacer,
including ground wacer. This document is a revision of proposed criceria
based upon a consideracion of comments received from octher Federal agencies,
Scate agencies, special interest groups, and individual sciencists. The
criteria contained in chis document replace any previously published EPA
aquacic life criceria.

The cterm "wacrer qualicy criceria" is used in cwo sections of the Clean
Wacer Act, section 304(a)(l) and secction 303(c)(2). The cerm has a differenc
program impact in each secrion. In section 304, che cerm represents a
non-regulatory, sciencific assessmenc of ecological effects. The criceria
presenced in chis publicacion are such scientific assessmencs. Such wacer
qualicy criceria associated with specific stream uses when adopced as Scace
wacer qualicty scandards under seccion 303 become enforceable maximum
acceptable levels of a pollucant in ambient wacers. The wacter qualicy
criteria adopced in the Scace wacrer quality standards could have the same
numerical limits as the criceria developed under seccion 304. However, in
many sicuactiods Scaces may want to adjusc water qualicy criceria developed
under secction 304 to reflect local envirommenral condicions and human
exposure paccterns before incorporation into water qualicty sctandards. It is
not uncil cheir adoption as part of che Scacte water qualicy scaadards chac
che criceria become regulacory.

Guidelines co assist the Staces in the modificacion of criceria
presencted in chis document, in cthe developmenc of water qualicy scandards,
and in other wacer-relacted nrograms of chis Agency, have been developed by
EPA.

Edwin L. Johnson
Direccor
Office of Wacer Regulacions and Scandards
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Inctroduccion*

In nacural fresh wacers cadmium somecimes occurs at concentrations of
less chan 0.0l ug/L, but in environments impacced by man, concentrations can
be several micrograms per licer or greater. The impacc of cadmium on aquactic
organisms depends on a variecy of possible chemical forms of cadmium
(Callahan, et al. 1979), which might have different coxicities and
bioconcencracion facrors. In most well oxygenaced fresh waters thact are low
in cocal organic carbon, free divalent cadmium will be che predominanc form.
Precipictacion by carbonate or hydroxide and formacion of soluble complexes by
chloride, sulface, carbonace, and hydroxide should usually be of liccle
importance. In salc waters wich salinicies from abour 10 co 35 g/kg, cadmium
chloride complexes predominacte. 1In bocth fresh and salc wacers parcticulace
maccer and dissolved organic macerial may bind a substantial portion of the
cadmium,

Because of che variecty of forms of cadmium (Callahan, ec al. 1979) and
lack of definicive informacion about their relacive toxicicies, no available
analyctical measurement is known to be ideal for expressing aquacic life
cricteria for cadmium. Previous aquacic life criceria for cadmium (U.S. EPA,
1980) were expressed in terms of cocal recoverable cadmium (U.S. EPA, 1983a),
buc chis measurement is probably too rigorous in some situactionms. Acid-
soluble cadmium (operationally defined as che cadmium chact passes chrough a

0.45 ym membrane filcer after the sample is acidified co pH = 1.5 co 2.0 wich

*An understanding of the "Guidelines for Deriving Numerical Nacional Wacter
Qualicy Criceria for the Protection of Aquatic Organisms and Their Uses"
(Scephan, ec al. 1985), hereafter refarred co as che Guidelines, is necessary
in order to undersctand che following texc, cables, and calculacions.



nicric acid) is probably the best measuremenct ac che presenc for che

following reasons:

1.

This measurement is compactible wich all available data concerning
coxicity of cadmium to, and bioaccumulacion of cadmium by, aquacic
organisms. No cesc results were rejecred jusc because ir was likely chac
they would have been substancially differenc if chey had been reporced in
cerms of acid-soluble cadmium. For example, resulcs reported in cerms of
dissolved cadmium would noc have been used if che conceacracion of
precipicaced cadmium was subsctancial.

On samples of ambienc warer, measuremenc of acid-soluble cadmium should
measure all forms of cadmium chac are coxic cto aquacic life or can be
readily converced to roxic forms under nacural condicions. In addicionm,
this measuremenc should not measure several forms, such as cadmium chat
is occluded in minerals, clays, and sand or is scrongly sorbed co
parcticulate maccer, chat are noc ctoxic and are noc likely to become coxic
under natural condicions. Although chis measurement (and many ochers)

will measure soluble, complexed forms of cadmium, such as cthe EDTA
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complex of cadmium, cthat probably have low ctoxicicies to aquatic life,
concanrracione of rhegsa forme probably ars neclicible in mosc ambient
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carbonace and hydroxide precipicaces of cadmium, chat might exist in an

effluent and dissolve when effluent is diluced with receiving wacer. If

desired, diluction of effluent wich receiving wacer before measurement of
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10.

1i.

acid-soluble cadmium mighc be used cto decermine whether che receiving
water can decrease the concentracion of acid-soluble cadmium because of
sorption.

The acid-soluble measurement should be useful €for most mecrals, chus
minimizing che number of samples and procedures chac are necessary.

The acid-soluble measurement does noc require filcracion at che cime of
collection, as does the dissolved measuremenc.

The only treacment required at the time of collection is preservacicn by
acidificacion co pH = 1.5 to 2.0, similar cto chat required for che tocal
recoverable measureaenc.

Duracions of 10 minutes to 24 hours between acidificacion and filcracion
probably will not affect cthe resulc subscancially.

The carbonate system has a much higher buffer capacicy from pd = 1.5 co
2.0 than ic does from pH = 4 to 9 (Weber and Scumm, 1963).

Differences in pH within che range of 1.5 co 2.0 probably will noc affect
the result subsctancially.

The acid-soluble measurement does not require a digescion step, as does
the cotal recoverable measuremenc.

Afcer acidification and filtracion of the sample co isolare che acid-
soluble cadmium, cthe analysis can be performed using eicher atomic
absorption spectroscopy or ICP-emission spectroscopy (U.S. EPA, 1983a),

as with the total recoverable measuremenc.

Thus, expressing aquatic life criceria for cadmium in terms of che acid-

soluble measurement has bocth toxicological and practical advancages. Ou the

ocher hand, because no measurement is known to be ideal for expressing

aquacic life criteria for cadmium or for measuring cadmium in ambient wacer

or aqueous effluencs, measurement of both acid-soluble cadmium and cocal

3



recoverable cadmium in ambient wacer or effluenc or both might be usefyl.

For example, there might be cause for concern if tocal recoverable cadmium is
much above an applicable limit, even though acid-soluble cadmium is below che
limic.

Unless otherwise noced, all concenctrations reported herein are expecced
to be essencially equivalenc to acid-soluble cadmium concentracions. All
concentracions are expressed as cadmium, noc as cthe chemical tested. The
criceria presenced herein supersede previous aquacic life wacter qualicy
criteria for cadmium (U.S. EPA, 1976, 1980) because these new criceria were
derived using improved procedures and additional informacion. Whenever
adequarely juscified, a national cricerion may be replaced by a site-specific
criterion (U.S. EPA, 1983b), which may include noct only sice-specific
criterion concencracions (U.S. EPA, 1983¢), bur also site-specific duracions
of averaging periods and site-specific frequencies of allowed exceedences
(U.s. EPA, 1985). The lacesc licerature search for.informacion for chis

document was ccnducced in May, 1984; some newer information was also used.

Acucte Toxicity to Aquatic Animals

Carroll, ec al. (1979) found chat calcium, but noc magnesium, reduced
the acuce coxicicy of cadmium. Giesy, ec al. (1977) found cthac dissolved
organics subscantially reduced che toxicicy of cadmium co daphnids, bur had
liccle effecc on its toxicicy co fish. No consiscent relacionship be.ween
toxicicy and organic particle size was observed.

The available acucte values for both striped bass and brook crouc covered
such a wide range chact daca for these species were not used in che calcula-
tion of the Final Acute Value. Drummoand and Benoic (Manuscripc) reporced

that scress greatly affected the sensicivicy of brook trouc to cadmium.
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Different species exhibit different sensictivicies to cadmium, and many
other factors might affect che results of cests of che coxicity of cadmium to
aquatic organisms. Criteria can quancitatively cake inco accounc such a
faccor, however, only if enough data are available to show thact che faccor
similarly affeccts the resulcs of tescs wich a variecy of species. Hardness
is ofren thought of as having a major effect on the toxicicy of cadmium,
alchough the observed effect may be due to one or more of a number of usually
incerrelaced ions, such as hydroxide, carbonate, calcium, and magnesium.
Hardness is used here as a surrogace for che ions which affect che resulcs of
toxicity tescts on cadmium. An analysis of covariance (Dixon and Brown, 1979;
Necter and Wasserman, 1974) was performed using the natural logarichm of che
acuce value as che dependent variable, species as che treacmenc or grouping
variable, aud aacural logarichm of hardness as che covariacte or independent
variable. This analysis of covariance model was fit co cthe daca in Table 1
for che five species for which acute values are available over a range of
hardness such chat the highesc hardness is at least chree cimes che lowesc
and the highest is also 100 mg/L higher chan the lowesc. For cthe fachead
minnow the daca from Birge, et al. (1983), Pickering and Gastc (1972),
Pickering and Henderson (1966), and Spehar and Carlson (1984a,b) were used,
but those from Spehar (1982) using a more sensitive life stage were not. The
slopes for the four fishes ranged from 0.868 co 1.564 and che pooled slope
for these four species was 1.125 (see end of Table 1). An F-rest showed
that, under che assumpcion of equalicy of slopes, the probabilicy of
obtaining four slopes as dissimilar as these is Pm=0.44., This was interpreced
as indicacing chac it is reasonable co assume thac the slopes for these four

species are che same.



All of che daca available for Daphnia magna gave a slope of -0.145, buc

the data from Chapman, ec al. (Manuscripc) gave a slope of 1.182. The pooled
slope for che four fishes and all che daca for D. magna was 0.975, whereas
using only daca from Chapman, et al. (Manuscript) cthe pooled slope was 1.128.
The cest for equalicy of the five slopes produced P=0.04 when all the daca
for D. magna were used, buc P=0.54 when only che daca from Chapman, ec al.
(Manuscripc) were used. Boch pooled slopes are close to the value of 1.0
thac is expected on the basis chat cadmium, calcium, magnesium, and carbonace
all have a charge of two. However, because of che much higher value of P for
equalicy of sloves, ic seems reasonable to use only che data from Chapman, ec
al. (Manuscripc) for D. magna and che pooled slope of 1.128.

The pooled slope of 1.128 was then used wich che daca in Table 1 to
calculace Species Mean Acute Values at a hardness of 50 mg/L (Table 1). Only

cthe data from Chapman, et al. (Manuscripc) were used for Daphnia magna and

only che daca from Spehar (1982) were used for che fachead minnow, to prdcect
chis sensicive life scage. Genus Mean Acuce Values were chen calculaced
(Table 3) as geomecric means of the available Species Mean Acute Values. Of
the 44 genera for which values are available, che most sensicive genus,
Salmo, is 3,400 times more sensicive than the most resiscanc, Carassius.

Boch the most sensitive and che mosct resiscanc genera are fishes. Acure
values are available for more than one species in seven genera, and che range
of Species Mean Acute Values within each genus is less chan a faccor of 5.2.
The freshwater Final Acute Value was calculated co be 8.917 ug/L at a
hardness of 50 mg/L from cthe Genus Mean Acucte Values in Table 3 using che
procedure described in the Guidelines. The Species Mean Acute Values for
four salmonids are lower, but the acuce value for brown crouc is from a

stacic tesc, whereas flow-cthrough ctescs have been conducted with che other
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three species. The Final Acute Value at a hardness of 50 mg/L was lowered to
3.589 ug/L to proctect the important rainbow crouc (Table 3). Thus, che
freshwater Criterion Maximum Concentraction (in ug/L) =
o(1.128[1n(hardness)[-3.828)

The acuce values for salcwacer invercebrace species range from 41.29
ug/L for a mysid to 135,000 ug/L for an oligochaete worm (Tables 1 and 3).
The acucte values for adulcr saltwacer polychaeces range from 7,500 .g/L for

Capitella capitaca co 12,000 ug/L for Neanches arenaceodencaca (Reish ec al.,

1976), buc che larvae of C. capitaca are chircy-seven cimes more sensicive
chan che adulrs. Salcwacer molluscs have Species Mean Acure Values from
227.9 4g/L for the Pacific oyscer cto 19,170 ug/L for che mud snail.

Frank and Robertson (1979) reported cthact che acucte toxicity co juvenile
blue crabs was relacted to salinicy. The 96-hr LCS50s were 320, 4,700, and
11,600 ug/L ac salinicies of 1, 15, and 35 g/kg, respeccively. The LC5Q0 atc
the very low salinicy is in Table 6 and was noct used in deriving criceria.
O'Hara (1973a) invescigaced the effecc of cemperacure and salinicy on che
toxicicty of cadmium co che fiddler c¢rab. The LCS50s ac 20 C were 32,300,
46,600, and 37,000 ug/L ac salinities of 10, 20, and 30 g/kg, respeccively.
Increasing che remperature from 20 co 30 C lowered che LC50 ar all salinicies

tested. Scudies wicth Mysidopsis bahia by Gencile, er al. (1982) and Nimmo,

et al. (1977a) also support a relationship between salinicy and che acuce
toxicity of cadmium.

Salcwater fish species were generally more resiscant co cadmium chan



to the mummichog, Voyer (1975) found chac che 96-hr LC50 ac a salinicy of 30
g/kg was about one-half whac it was at 10 and 20 g/kg. Sensitivicy of che
mummichog to acute cadmium poisoning was noct influenced by reduction in
dissolved oxygen concentracioa co 4 mg/L.

Of the 33 salcwacer genera for which acute values are available, che
most sensicive, Mysidopsis, is 2,000 times more sensitive chan the mosc

resiscanc, Monopylephorus (Table 3). Acucte values are available for more

than one species in each of four genera, and che range of Species Mean Acuce
Values within each genus is less chan a factor of 3.3. The salcwacer Final
Acute Value calculated from the Genus Mean Acuce Values in Table 3 is 85.09
pg/L. This Final Acuce Value is slighcly above che Species Mean Acute Value
of 78 ug/L for che American lobster, which is from a stacic toxicicty cesc in

which che concencrations were measured.

Chronic Toxicicty to Agquacric Animals

Chronic ctoxicity rescs have been conducted on cadmium with sixceen
species, including four inverctebractes and cwelve fishes, in cthirteen genera.
Several related values are in Table 6. In a 2l~day cesc in which the cesc
concentrarions were not measured, Bfesinger and Chriscensen (1972) found a
16% reduction in reproduccion ac 0.17 ug/L. Bertram and Hart (1979) and

Ingersoll and Winner (1982) found chronic coxicity to Daphnia pulex ac less

than 1 and 10 pg/L, respectively. The 200-hr LCl0 of 0.7 .g/L obrained wich
rainbow crout (Table 6) by Chapman (1978) probably would be close to cthe
result of an early life-scage test because of the extent to which various
life scages were invescigated. Effects on other salmonids and many inverce-~

braces have been observed at 5 ug/L or less (Table 6). These species include



decomposers (Giesy, 1978), crayfish (Thorp, ec al. 1979), copepods and
annelids (Giesy, ec al. 1979), midges (Andersom, et al. 1980), and mayflies
(Spehar, ec al. 1978).

Chronic values are available over a wide range of hardness for cwo
species (Table 2). Regression of the natural logarichm of the chronic value
against the nacural logarichm of hardness (similar to the regressions

performed on the acute daca) gave a slope of 0.77 for Daphnia magna and a

slope of 0.81 for che fachead minnow. These ctwo slopes are very similar, and
the pooled slope for che two species is 0.7852, wich 95% confidence limics of
0.4190 and 1.1514.

On che other hand, the acuce-chronic racios ranged from 0.9021 for che
chinock salmon to 433.8 for che flagfish, with ocher values scatcered
throughoutr chis range (Tables 2 and 3). These ratios do not seem to follow a
pattern {(Table 3), and so it does noc seem reasonable to use a freshwater
Final Acuce-Chronic Rario to calculace a Final Chronic Value.

Although a Final Chronic Value cannot be calculaced using a Final
Acure-Chronic Ractio, the close agreement becween the two slopes and the large
variecty of species wich which chronic cescs have been conducted make possible
the calculacion of che Final Chronic Value in che same way the Final Acuce

Value was calculacted. The slope of 0.7852 was used to adjusc each chronic

. .
for a specipa acreed well. as did valuea for anecise wirhi a genus The rwon
r species greed well, as did values for specles wicthin a genus, The cwo
values for Arlanric gsalmon are verv differanr. bur one agress wall wirh rhe
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was calculated from the thirteen Genus Mean Acuce Values using the procedure
used to calculace a Final Acuce Value. However, because the thirceen Genus
Mean Chronic Values concain values for five of the six freshwacter genera chat
are acuctely most sensicive co cadmium, it seemed more appropriate cto
calculace cthe Final Chronic Value using N = 44, racher chan N = 13 (Table 2).
Thus, the freshwater Final Chronic Value for cadmium is 0.6582 .g/L ac a
hardness of 50 mg/L, and che Final Chronic Value (in ug/L) =
¢(0.7852(1n(hardness) ]~3.490)

Ac a hardaness of 50 mg/L che Genus Mean

Chronic Values for boch Moina and Daphnia are below the Final Chronic Value.

Two chronic toxicity tests have been conducted with che salcwacer

inverctebrate, Mysidopsis bahia (Table 2). Nimmo ec al. (1977a) conducced a

23-day life-cycle test ac 20 to 28 C and salinity of 15 to 23 g/kg. Survival
was 10% ac 10.6 ug/L, 84% ac the next lower cest concencracion of 6.4 ug/L,
and 95% in che concrols. No unacceptable effects were observed at 6.4 ug/L
or any lower concentrarion. The chronic toxicity limits, cherefore, are 6.4
and 10.6 ug/L, with a chronic value of 8.237 ug/L. The 96-~hr LC50 was 15.5
ug/L, resulcing in an acute-chronic racio of 1.882.

Anocher life-cycle cesc was conducced on cadmium wich Mysidopsis bahia

under different environmental condicions, including a conscanc temperacure of
21 C and salinicy of 30 g/kg (Gencile, ec al. 1982; Lussier, ec al.
Manuscripc). All organisms died in 28 days ac 23 ug/L. Ac 10 ug/L a series
of morphological abberarions occurred at the onsec of sexual macuricy.
Excternal genicalia in males were abberanc, females failed co develop brood
pouches, and both sexes developed a carapace malformacion chac prohibiced
molting afrer the release of che inicial brood. Alcthough inicial reproduc-

tioa at chis concencracion was successful, successive broods could noc be
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borne because molcing resulted in deacth. No maiformacions or effects on
initial or successive reproduccive processes were noced in che concrols or ac
5.1 ug/L. Thus, the chronic limics for chis scudy are 5.1 and 10 ug/L for a
chronic value of 7.141 pg/L. The LC50 ar 21 C and salinicty of 30 g/kg was
110 ug/L which resulcs in an acute~chronic racio of 15.40 from this scudy.

These two sctudies showed excellent agreement becween che chronic values
but considerable divergence bertween rthe acuce values and acuce-chronic
racios. Several srtudies have demonstrared an increase in acure ctoxicicty of
cadmium with decreasing salinity and increasing cemperacure (Table 6). The
observed differences in acuce coxicicy cto che mysids might be explained on
this basis. Nimmo, ec al. (1977a) conducted cheir acuce tesc act 25 co 28 C
and salinicy of 10 to 17 g/kg, wheresas che octher cest was performed ac 21 C
and salinicy of 30 g/kg.

Gencile, ec al. (1982) also conducrted a life-cycle test wich anocher

mysid, Mysidopsis bigelowi, and the resulcs were idencical co chose for M.

bahia. Thus, the chronic value was 7.141 ug/L and the acuce-chronic racio
was 15.40,

Because rhey covered such a wide range, it would be inappropriate co use
any of the available freshwater acuce-chronic ractios in che calculacion of
the saltwacer Final Chronic Value. The two salcwacter species for which
acute-chronic ratios are available (Tabie 3) have Species Mean Acuce Values
very clrse to the salcwater Final Acucre Value and so it seems reasonable to
use che geomerric mean of chese two racios. When che Final Acute Value of
85.09 ug/L is divided by the mean acute-chronic ratio of 9.105, a salcwacter

Final Chronic Value of 9.345 ug/L is obrtained.
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Toxicicy to Aquatric Plancs

Growth reduction was the major toxic effectc observed with freshwater
aquacic plancs (Table 4), and several values are in che range of concencra-
cions causing chronic effects on animals. The influence thac plant growch
media might have had on the toxicity tests is unknown, but is probably minor
at least in the case of Conway (1978) who used a medium paccerned afcer
nacural Lake Michigan water. Because che lowest coxicity values for fish and
invercebrate species are lower than the lowest values for plancs, water
quality cricteria which protect freshwacer animals should also procect
freshwacer plancs,

Toxicicy values are available for chree species of salctwater diacoms and
two species of macroalgae (Table 4). Concentracions causing fifty percent
reduccions in che growth races of diacoms range from 60 ug/L for Dicylum

brighcwelli to 175 ug/L for Skeletonema costatum. The brown macroalga (kelp)

was che leasc sensitive to cadmium wich an EC50 of 860 ug/L. The mosc

sensitive planc tescted was che red alga, Champia parvula, wich significantc

reduccions in che growcth of boch che cecrasporophyte nlant and female planc
occurring ac 22.8 ug/L. This plant is more resiscanct chan the chronically
most sensicive animal species cested. Therefore, wacter quality criteria for

cadmium thac procect salcwacer animals should also proctect salcwater plancs.

Bioaccumulacion

Bioconcentraction factors (BCFs) for cadmium in fresh wacer (Table 5)
range from 3 for brook trout muscle (Benocit, et al. 1376) to 12,400 for che
whole body of wmosquitofish (Giesy, ec al. 1977). Usually, fish accumulace
only small amouncs of cadmium in muscle as compared to most ocher tissues and

organs (Benoit, ec al. 13976; Sangalang and Freeman, 1979). Also, cadmium
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residues in fish reach steady-stace only afrer exposure periods greacly

exceeding 28 days (Benoit, er al. 1976; Giesy, et al. 1977; Sangalang and

Freeman, 1979). Daphnia magna, and presumably ocher invertebraces of abouct

this size or smaller, often reach sceady-scace wicthin a few days (Poldoski,
1979). Cadmium accumulaced by fish from water is eliminacted slowly (Benoic,
ec al. 1976; Kumada, et al. 1980), buc Kumada, et al. (1980) found chac
cadmium accumulaced from focd is eliminaced much more rapidly. Poldoski
(1979) reported that humic acid decreased che uptake of cadmium by Daphnia
magna, bucr Winner (1984) did not find any effect. Ramamcorchy and Blumhagen
(1984) reporred thac fulvic and humic acids increased uprake of cadwmium by
rainbow crout.

The only BCF reported for a salcwacer fish is a value of 48 from a
21-day exposure of che mummichog (Table 6). However, among cen species of
invercebraces, che BCFs range from 22 to 3,160 for whole body and from 5 to
2,040 for muscle (Table 5). The highest BCF was reported for che polychaece,

Ophryotrocha diadema (Klockner, 1979). Alchough a BCF of 3,160 was acctained

afcer sixcy—-four days exposure using che renewal cechnique, tissue residues
had not reached steady-scace.

BCFs for five species of bivalve molluscs range from 113 for the blue
mussel (George and Combs, 1977) to 2,150 for che eastern oyscter (Zaroogian
and Cheer, 1976). 1In addition, the range of reported BCFs is racher large
for some individual species. BCFs for the oyscer include 149 and 677 (Table
6) as well as 1,220 and 2,600 (Table 5). Similarly, cwo sctudies with che bay
scallop resulted in BCFs of 168 (Eisler, et al. 1972) and 2,040 (Pesch and

Stewart, 1980) and three scudies with the blue mussel reported BCFs of 113,
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306, and 710 (Tables 5 and 6). George and Coombs (1977) studied che
importance of mecal speciacion on cadmium accumulacion in the soft cissues of

Mycilus edulis. Cadmium complexed as Cd-EDTA, Cd-alginace, Cd-humace, and

Cd-pectace (Table 6) was bioconcentracted at twice che race of inorganic
cadmium (Table 5). Because bivalve molluscs usually do nocr reach
sceadystacte, comparisons becween species may be difficulc and the length of
exposure may be the major decerminanc in che size of the BCF.

BCFs for six species of crustaceans range from 22 co 307 for whole body
and from 5 co 25 for muscle (Table 6). Nimmo, ec al. (1977b) reported

whole-body BCFs of 203 and 307 for two species of grass shrimp, Palaemoneces

pugio and P. vulgaris. Vernberg, ec al. (1977) reported a factor of 140 for
P. pugio ac 25 C, whereas Pesch and Scewart (1980) reporced a BCF of 42 for
the same species exposed atr 10 C, indicating thac cemperature might be an
imporcanc variable. The commercially importanc crustaceans, cthe pink shrimp
and lobster, were not effective bioaccumulacors of cadmium wich faccors cf S7
for whole body and 25 for muscle, resvectively.

Mallard ducks are che only nacive wildlife species whose chronic
sensicivicy co cadmium has been scudied. These birds can be expecced co
ingesc many of the freshwater and salcwacter plancs and animals lisced in
Table 4., Whice and Finley (1978a,b) and Whice, et al. (1978) found
significant damage at a cadmium conceatracion of 200 mg/kg in food for %0
days. Di Giulio and Scanlon (1984) found significant effeccts on energy
metabolism ac 450 mg/kg, but noc act 150 mg/kg. Division of 200 mg/kg by che
geomecric mean BCF of 648.6 gives a freshwater Final Residue Value of 308.4
ug/L. Similarly, division of 200 mg/kg by the saltwater geomecric mean BCF

of 225.7 resulcs in a salcwacer Final Residue Value of 886.1 ug/L. These are
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concentracions which would cause damage co mallard ducks, buct no addicional
data are available.

Alchough 2 high degree of variability exiscs becween the BCFs reporced
for saltwater species, shellfish chact are consumed by humans can accumulace
high concentracions of cadmium. The emecic threshold of cadmium is 13 co 15
mg/kg of weight of human consumers (Anon., 1950). The highest reported BCF
for che edible portion of a consumed species is 2,150. Even using chis
highest BCF, a person who weighed 70 kg would have to eat abouc 30 kg of
oysters chact had been exposed to the salctwater Final Chronic Value of 8.695

ug/L in order to reach the emecic threshold.

Ocher Data

Cadmiuc~binding procteins were isolaced from Amceba proceus (Al-acia,

1978, 1980) and rainbow crout (Roberts, ec al. 1979). The cumulacive
mortality resulcing from exposure co cadmium for more chan 96 hours is
clearly evident frem che studies with polychaectes (Reish, ec al. 1976),
bivalve molluscs, crabs, and scarfish (Eisler and Hennekey, 1977), scallops,
shrimp, and crabs (Pesch and Scewart, 1980), and a mysid (Gentile, et al.
1982; Nimmo, et al. 1977a). Nimmo et al. (1977a) in scudies with che mysid,

Mysidopsis bahia, reported a 96-~hr LC50 of 15.5 ug/L (Table 1) and a 17-day

LC50 of 11 ug/L (Table 6) at 25 to 28 C and salinicy of 15 to 23 g/kg. 1In
another series of studies wicth this mysid (Genctile, ec al. 1982), che 96-hr
LC50 was 105 ug/L (Table 1) and che 28-day LC50 was 16 ug/L (Table 6) at 20 C

and salinicy of 30 g/kg. These data suggest chac’ shorc-cerm acucre coxicicy
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similaricy of reproductive effects on chis species (Table 2) tesced under
dissimilar envirommencal conditions.

Considerable informarion exists concerning che effect of salinity and
temperacure on the acuce toxicicy of cadmium. Unfortunacely, cthe condicions
and duracions of exposure are so differenc chat adjusctmenc of acuce toxicicy
daca for salinicy 1s not possible. Rosenberg and Costlow (1976) scudied che
synergisctic effects of cadmium and salinicy combined wich comscanc and
cycling temperatures on cthe larval development of cwo estuarine crab species.
They reported reduccion in survival and significanc delay in developmenc of
the blue crab wich decreasing salinicy. Cadmium was chree cimes as toxic ac
a salinicy of 10 g/kg cthan ac 30 g/kg. Studies with the mud crab resulced in
a similar cadmium—salinicy response. In addition, the auchors reporc chact
cycling temperature may have a scimulacing effect on survival of larvae
compared to constanf rcemperature.

Theede, et al. (1979) investigated che effect of cemperature and
salinicy on the acuce toxicity of cadmium co the colonial hydroid, Laomedea
loveni. Acr 17.5 C cadmium concentracions inducing irreversible recracrion of
half of che polyps ranged from 12.4 ug/L ac a salinicy of 25 g/kg co 3.0 gg/L
at 10 g/kg (Table 6). Ar a salinicy of 25 g/kg the toxicity of cadmium
decreased as ctemperature increased.

The effect of environmencal factors on the acute toxicicy of cadmium is
also evident from cescs with che early life scages of saltwacer vercebraces.
Alderdice, et al. (1979a,b,c,) reported chat salinicy influenced the effeccs
of cadmium on the volume, capsule strengch, and osmocic response of embryos
of the Pacific herring. Scudies with embryos of the wincer flounder

indicated a quadratic salinity-cadmium relacionship (Voyer, et al. 1977),
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whereas Voyer, ec al. (1979) reported a linear relacionship becween salinicy
and cadmium toxicity to Actlamcic silverside embryos.

Several studies have reported chronic sublechal effeccs of cadmium on
salcwater fishes (Table 6). Significanc reduction in gill cissue respiracory
race and alteration of liver enzyme acctivicy was reporced for the cunner
afrer a 30-day exposure cto 50 ug/L (MacInnes, et al. 1977). Dawson, ec al.
{1977) also reported a significanc decrease in gill-cissue respiracion of
scriped bass at 0.5 Jg/L above ambient afcer a 30-day, but not a 90-day,
exposure. A similar study wich che wincer flounder (Calabrese, ec al. 1975)
demonstracted a significanc alceracion in gill cissue respiracion race

measured in vicro afcer a 60-day exposure to 5 ug/L.

Unused Daca

Some data on che effecrs of cadmium on aquacic organisms were not used
because che sctudies were conducced with species that are noc residenc in
Norch America, e.g., Ahsanullah, ec al. (1981), Castille and Lawrence (1981),
D'Agoscino and Finney (1974), Greenwood and Fielder (1983), Kobayashi (1971),
McClurg (1984), Mecayer, et al. (1982), Negilski (1976), Ojaveer, ec al.
(1980), Rainbow, et al. (1980), Sascry and Sunica (1982), Theede, ec al.
(1979), Verriopoulos and Moraitou—Apostolopoulou (1981, 1982), Westernhagen
and Dechlefsen (1975), and Wescernhagen, et al. (1975, 1978). Brown and
Ahsanullah (1971) conducted rests with a brine shrimp, which species is coo
acypical to be used in deriving national criceria.

Dacra were also not used if cadmium was a componenc of a mixture (Stcern



Data were not used if the resulcrs were only presented graphically
(Laegreild, et al. 1983; Laube, 1980; Remacle, ec al. 1982), if the organisms
were not exposed to cadmium in water (Foscer, 1982; Hacakeyama and Yasuno,
198la; O'Neill, 1981), or if chere was no percinentc adverse effecc (Carr and
Neff, 1982; DeFilippis, et al. 1981l; Dickson, et al. 1982; Fisher and Fabris,
1982; Fisher and Jones, 1981; Tucker and Macte, 1980; Wacling, 1981; Weis, ec
al. 1981). Daca in publications such as Ball (1967), Burnisomn, et al.
(1975), Cancon and Slooff (1979), Deparctmenc of the Eavironmentc (1973),
fennikoh, et al. (1978), Landner and Jernelov (1969), Maas (1978), Miniscry
of Technology (1967), Shcherban (1977), Tarzwell and Hendersom (1960), and
Verma, er al. (1980) were noc used because eicher che macerials, mecthods, or
resulcs were insufficiently described. High concrol morcalicies occurred in
all excepc one test reported by Saucer, ec al. (1976). The 96~hr values
reporcted by Buikema, ec al. (1974a,b) were subject to error because of
possible reproductive iateractions (Buikema, ec al. 1977). Bringmann and
Kuhn (1982) and Dave, et al. (1981) culcured daphnids in one water and cesced
them in a different water.

The accepcabilicy of the dilucion wacer or medium used in some studies
(e.g., Brkovic~Popovic and Popovic, 1977a,b; Cearley and Coleman, 1973, 1974%;
Nasu, ec al. 1983) was open to quesction because of its origin or concenc.
Algal sctudies were not used if cthey were noc conducted in an appropriace
medium (Stary and Kraczer, 1982; Scary, ec al. 1983) or if che medium
concained coo much of a complexing agenc such as EDTA (Lue-Kim, ec al. 1980;
Muller and Payer, 1979). Some papers were omicted because of questionable
treactment of tesc organisms or inappropriate cesc conditions or methodology
(e.g., Babich and Stocsky, 1982; Brown, et al. 1984; Bryanm, 1971; Chan, ec
al. 198l; Dorfman, 1977; Eisler and Gardner, 1973; Greig, 1979; Hung, 1382;
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Huccheson, 1975; Morairou-Apostoloooulou, er al. 1979; Parker, 1984; Pecon
and Powell, 1981; Ridlingcron, et al. 1981; Sunda, ec al. 1978; Wikfors and
Ukeles, 1982).

Data on bioconcentration by aquacic organisms were noc used if the cest
was conducced in discilled water, was not loag enough, was not flow-through,
or if che concentracions in wacer were not adequately measured (e.g., Beacctie
and Pascoe, 1978; Bjerregaard, 1982; Burrell and Weihs, 1983; Carmichael and

Fowler, 1981; Carr and Neff, 1982; Davies, ect al. 198l; Denton and

1978, 1980; Kerfoor and Jacobs, 1976; Kohler and Riisgard, 1982; McLeese and
Rav. 19R4 uramore. 1980°: Nolan and 1ke. 1983: Qaklev, ec al. 1983:

ay, i+7%4; Lurameloe, 7SV, Kolan aug Juxe, U792, Vaxlie el al. L7022,

Prirl aam ar al 1982 Rave ar al 19R1: Raicharr ar al 1979 Rubhimerain ar
EUULOCIL) S Ghe A ST g NG ) == Sa Wiy WL LWITLILY) S Sbe sy AW BT T AL S -
=1 1091 [ o JrOa ae ol 1992 | A PP I G 10Q7°. I e mn memd Dascalace 1089 .

dL. 1703; otary, €U &L. 1J0&; WwaLLiNg, 41J004; Wwill€ andg falnoow, 1704,

and Sick and Bapcisc (1979), which used radioaccrive isocopes of cadmium, were
not used because of cthe possibilicy of isocope discriminacion. Reporcs on
che concencrations of cadmium in wild aquacic organisms, such as Anderson, ec
al. (1978}, Bouquegneau and Martoja (1982), Boyden (1977), Bryan, ec al.
(1983), Frazier (1979), Gordon, et al. (1980), Greig and Wenzloff (1978),
Hazen and Kneip (1980), Kneip and Hazen (1979), McLeese, ec al. (1981),
Noel-Lambot, et al. (198Q), Penningcton, ec al. (1982), Ray, et al. (1981),
Smich, et al. (1981), and Uche, er al. (1982), were not used for che
calculacion of bioaccumulacion faccors due to an insufficientc number of

measurements of cthe concentracion of cadmium in che water.
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genera aad range from 1.0 ug/L for raianbow crout to 28,000 ug/L for a mayfly.
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freshwacter fish species and four invercebrace species with chromic values

ranging from 0.15 pg/L for Dapnnia magna to 156 ug/L for che Aclantic salmon.

Acucte~chronic ratios are available for eight species and range from 0.9021
for the chinook salmon to 433.8 for che flagfish.

Freshwater aquacic plants are affecced by cadmium at concentracioms
ranging from 2 to 7,400 ug/L. These values are in the same range as che
acuce toxicicy values for fish and invercebrace species, and are considerably
above the chronic values. Bioconcentration factors (BCFs) for cadmium in
fresh water range from 164 to 4,190 for invercebraces and from 3 co 2,213 for
fishes.

Salcwater acute values for cadmium and five species of fishes range from
577 ug/L for larval Aclantic silverside to 114,000 ug/L for juvenile
mummichog. Acute values for cthirty species of invertebraces range from 15.5
Jg/L for a mysid to 135,000 ug/L for an oligochaete worm. The acuce coxicicy

of cadmium generally increases as salinicy decreases. The effect of

, . e .
temperature gseems £o be 3apecies-specific. Two life-cycle cescs wich

. . . . . . . . .
Mysidopsis bahia under different test conditions resulted in similar chronic

respectively. The acute values appear co reflect effects of salinicy and
temperature, whereas the few available chronic values apparencly do noc. A

life-cycle test wich Mysidopsis bigelowi also resulted in a chronic value of




7.1 pug/L and an acute-chronic racio of 15. Sctudies with microalgae and
macroalgae revealed effects ac 22.8 co 860 .g/L.

BCFs determined with a variety of salcwater invertebraces range from 5
to 3,160. BCFs for bivalve molluscs were above 1,000 in long exposures, with
no indicacion chat sceady-scace had been reached. Cadmium morcalicy is
cumulacive for exposure periods beyond four days. Chronic cadmium exposure
resulced in significanc effects on the growch of bay scallops act 78 .g/L and

on reproduccion of a copepod at 44 ug/L.

Nacional Criceria

The procedures described in che "Guidelines for Deriving Numerical
National Wacter Qualicy Criceria for cthe Procection of Aquacic Organisms and
Their Uses" indicace chac, excepct possibly where a locally importanc species
is very sensitive, freshwacer aquacic organisms and cheir uses should not be
affected unaccepcrably if che four-day average concencration (in pg/L) of
cadnium does not exceed che numerical value given by
e(0.7852[1n(hardness)]-3.490) more than once every three years on the
average and if the one-hour average couceatracion (in ug/L) does noct exceed

(1.128{1n(hardness)]-3.828) more than once

the numerical value given by e
every three years on the average. For example, ar hardnesses of 50, 100, and
200 mg/L as CaCOq the four-day average concencracions of cadmium are 0.66,
1.1, and 2.0 ug/L, respectively, and che one-hour average concentracions are
1.8, 3.9, and 8.6 ug/L. 1If brook trouc, drown crouc, and scriped bass are as
sensitive as some data indicace, they mighct noc be protecced by cthis
cricerion.

The procedures described in the "Guidelines for Deriving Numerical

Nacional Wacer Quality Criceria for che Proctection of Aquactic Organisms and
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Their Uses" indicace chac, exceot possibly where a locally imporctant species
is very seunsitive, salcwater aquatic organisms and cheir uses should noc be
affecced unacceptably if the four-day average concentracion of cadmium does
noc exceed 9.3 ug/L more chan once every cthree years on the average and if
the one-hour average conceactracion does not exceed 43 .g/L more chan once
every three years on cthe average. The lictcle information chact is available
concerning the sensitivicy of the American lobster to cadmium indicaces chat
this importanc species mighc not be proctected by chis cricerion. In
addicion, data suggesc char cthe acuce toxicicy of cadmium is salinicy-

dependentc; cherefore che one-hour average concentracion mighct be
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cerctain species of some mecals cannoc be analyzed direccly because che cocal
recoverable mechod does not discinguish becween individual oxidation scates,
and (2) these criteria may be overly protective when based on che rocal
recoverable method.

The recommended exceedence frequency of chree years is the Agency's best
scienctific judgment of che average amounc of rime it will take an unstressed

system cto recover from a pollucrion eventr in which exposure co cadmium exceeds

the cricerion. Sctressed systems, for example, one in which several ouctfalls
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occur in a limited area, would be expected to require more ctime for recovery.
The resilience of ecosystems and ctheir abilicy to recover differ greacly,
however, and site-specific criteria may be established if adequate juscifica-
cion is provided.

The use of criceria in designing wasce treatmenc facilicies requires che
selection of an appropriace wasteload allocation model. Dynamic models are
preferred for che applicacion of these criteria. Limited daca or ocher
facctors may make cheir use impracctical, in which case one should rely on a
steady-scace model. The Agency recommends the interim use of 1Q5 or 1Ql0 for
Cricerion Maximum Concencration (CMC) design flow and 7Q5 or 7Ql0 for the
Cricerion Continuous Concencration (CCC) design flow in sceady-scate models
for unstressed and stressed syscems respeccively. These matcers are
discussed in more decail in che Technical Support Documenc for Wacer

Quality—-Based Toxics Concrol (U.S. EPA, 1985).
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Specles

Tubl flcld worm,
Branchlura sowerbyl

Tublflcld worm,
L{mnodrllus hofimelster!

Tubitlcld worm,
Qulstadriius multlsetosus

Tublflcld worm,
Rhyacodrilus montana

Tubl tlcld worm,
Splrosperma ferox

Tubltlcld worm,
Splrosperma nikolskyl

Tublflcld worm,
Stylodrlius herlnglanus

Tubiticld worm,
Tubl fex tubltex

Tublflcld worm,
Varlchaeta pacltlca

Worm,
Nals sp.

3nall (embryo),
Amnlcola sp.

Snall (aduit),
Amnlcola sp.

Snatli,
Aplexa hypnorum

Snali (aduit),
Physa gyrina

Table .n
Hardness
{mg/L as
Method® Chemical Cacos)
FRESHWATER 3PECIES
35, M Cadmium sul fate 5.3
3, M Cadm{um sulfate 5.3
3, M Cadmium sulfate 5.3
5, M Cadmlum sultate 5.3
5, M Cadmlum sulfate 5.3
5 M Cadmium sul tate 5.3
3, M Cadmlum sul tate 5.3
5, M Cadmlum sulfate 5.3
35, M Cadmium sul fate 5.3
5, U - S0
5, U - 50
3, U - 50
FT, M Cadmlum chiorlde 45,3
3, M - 200

24

LC50
or EC50

{pg/L)"®

240
170
320
630
350
450
550
320
380
1,700
3,800

8,400%%%n
93

1,370

Acute Toxicity of Cadmium to Aquatic Animals

Specles Mean
Acute Value

Rehwoldt, et al. 1973

Rehwo)dt, et al, 1973

Rehwoldt, et al. 1973

{pg/L)ees Reference

3,018 Chapman, et al,
1982a

2,137 Chapman, et al,
1982a,b

4,024 Chapman, et al,
1982a

7,921 Chapman, et al,
1982a

4,401 Chapman, et al,
1982a

5,658 Chapman, et al,
1982a

6,915 Chapman, et al.
1982a

4,024 Chapman, et al,
1982a,b

4,718 Chapman, et al,
1982a

1,700

3,800

104.0

Halcombe, et al. 1984

Wler & walter, 1976



Table 1, {(Continued)

Hardness LC50 Specles Mean

h {mg/L as or EC50 Acute Yajlue
Specles Mothod® Chemlcal CaC0y) (pg/L)®e (pg/L)ene Reference
3nall (lmmature), 3, M - 200 410 156,9 Wler & wWalter, 1976
Physa gyrina
Cladoceran, 5, U - 45 66 - Mount & Norberg, 1984
Cerlodaphnta reticulata
Cladoceran, 5, M Cadmium chiorlde 55-79 129 83,02 Spehar & Carlson,
Ceriodaphnla reticulata 1984 a,b
Cladoceran, 3, u Cadmium chiorlide - <1.6 - Anderson, 1948
Daphnia magna
Cladoceran, 3, U Cadmium chiorlde 45 G5RANER - Biesinger &
Daphnla magna Chrilstensen, 1972
Cladoceran, T, M Cadmlum chlorlde 130 588 nnun - Aftar & Maly, 1982
Daphnla magna
Cladoceran, 3, M Cadmlum chioride 51 9.9 - Chapman, et al.
Daphnla magna Manuscript
Cladoceran, S, M Cadmium chioride 104 33 - Chapman, et al,
Daphnla magna Manuscr ip¥
Cladoceran, 3, M Cadmium chioride 105 34 - Chapman, et al,
Naphnla magna Manuscript
Cladoceran, 3, M Cadmium chioride 197 63 - Chapman, et al,
Daphnla magna Manuscript
Cladoceran, 3, M Cadmium chioride 209 49 - Chapman, et al.
Daphnla magna Manuscript
Cladoceran, R, X Cadm{um chlorlde 100 3punnan - Canton & 3loott,
Daphnla magna 1982
Cladoceran, 3, M Cadmium chioride 55-79 I66unEAR - Spehar & Carlson,
Daphnla magna 19844,b
Cladoceran, 3, u Cadmlum nltrate - 27,07%kunn Canton & Adema,
Oaphnla magna 1978
Cladoceran, 5, U Cadmlus nltrate - 28,04 nuna Canton & Adema,
Daphnla magna 1978
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Yable 1, {(Continued)

Specles

Cladaceran,

Daphnla magna

Ciadoceran,

Oaphnla wagna

Cladoceran,

Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,

Qapbnla pulex

Cladoceran,
Molna macrocopa

Cladoceran,
3Imocephalus serrulatus

Chemical

Cladoceran,
5 Imocephalus serrulatus

Cladoceran,
Simocephailus serculatus

Cladoceran,
Simocephalus vatulus

Cladoceran,
5 lmocephalus vetulus

isopod,
Asel lus blcrenata

Isopod,
Lirceus alabamae

Amphlpod,
Gammarus pseudol Imnaeus

Amphlipod,
Gammarus pseudol{mnasus

Cadalum nlirate

Cadmlium nltrate

Cadmlum chlorlde

Cadmlium chlorlde

Cadmlum chlorlde

Cadmium chiorlde

Cadmium chiorlde

Cadmium chlorlde

Cadmium chiorlde

Cadmlum chlorlde

Cadmlium chlorlde

Cadmlum chiorlde

Hardness
{mg/L as

CaCOx)

45

4%

57

3948
45
55-19
220
152
55-79

39-48
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Canton & Adema, 1978

#ount & Norberg,

Canton & Adema, 1978

Mount & Norberg, 1984

Bortram & Hart, 1979

Hatakeyama & Yasuno,

Glesy, at al, 1977

Spehar & Carlson,

Spehar & Carlson,

Mount & Norberg, 1984

3pehar & Corlson,

Bosnak & Morgan,

Bosnak & Morgan,

Spehar & Carlson,

LC50 Specles Mean
or EC50 Acute Value
(ug/L)* (pg/L)nEs Referance
35.‘5Il'.ﬁ -
jlaenase 12,19
1984
93,45 -
68 -
47 55.72
71.25 40,78
1981b
7.0 -
1231 -
1984a,b
24,5 45,93
1984 4a,b
24 -
89,3 41.65
1984a,b
2, 130"t 400.5
1981
1507 42,80
1981
54 .4 -
1964a,b
68.3 55,90

Spehar & Carlson,
1984a.,b



Table 1, (Continued)

Hardness LC50 Species Mean

{mg/L as or EC50 Acute Yalue
Specles Method® Chemlcal CaCOy) {pg/L)us {pg/L)uue Referencs
Amphipod, s, U - 50 70 70,00 Rehwoidt, et at, 1973
Gammarus sp.
Amphipod, S, M Cadmium chloride 55-19 285 204,9 Spehar & Carison,
Hyalella azteca 19843,0b
Craytish, S, M Cadmlum chlorlde - 400 - Boutet &
Orconectes |limosus Chajsemartin, 1973
Maytly, S, N Cadmium chloride 55-79 449 322,.8 Spehar & Carlson,
Paraleptophlebla praepedita 1984a,b
Mayfly, FT, M Cadm)um chloride - 28,000 - Clubb, et al, 1975
Ephemerella grandls
Maytly, S, U Cadmjum sultate 44 2,000 2,310 Warnick & Bell, 1969
Ephemarella grandis
Damsel fly, S, u - 50 8,100 8,100 Rehwoldt, et al, 1973
{unidentl tied)
Stonetly, fT, ¥ Cadmium chioride - 18,000 - Clubb, et al, 1915
Pteronarcella badla
Caddlstly, S, u - 50 3,400 3,400 Rehwoldt, et ai, 1973
(Unidentlfied)
Mldge, S, U - 50 1,200 1,200 Rehwo tdt, et ai. 1973
Chlronomus sp.
Bryozoan, S, u - 190-220 700 142.5 Pardue & wood, 1980
Pectinatella magnitica
Bryozoan, S, U - 190-220 150 30.54 Pardue & Wood, 1980
Lophopodella carter|
Bryozoan, s, u - 190-220 1,090 221.9 Pardue & Wood, 1980
Plumatella emarginata
American eel, S, M - 55 820 7136,.4 Rehwolidt, et al, 1972
Angqullla rostrata
Coho saimon {adult), T, M Cadmium chioride 23 17 5% - Chapman, 1975

Oncorhynchus klsutch

27



Table 1, (Continued)

Spacles

Coho saimon {parr),
Oncorhynchus kisutch

Coho saimon (1 year},
Oncorhynchus kisutch

Chinook saimon (alevin),
Oncorhynchus tshawytscha

Chlnook saimon (swim-up),
Oncorhyachus ftshawvtscha

Chlnook salmon (parr),
Oncorhynchus tshawytscha

Chinook saimon (smolt)

»
Onecorhunchus fchawutecha
UnCornyncnus 7snagytscha

al
@7,

c 3 { juvenll
Oncorhynchus tshawytscha
C

O

hlanale calmean s an
s OOR S&IRON b

(Juvenile),
shawytscha

Rainpow Frout (aievini,
Salmo galrdner)

Ralinbow trout (swim-up),
Saimo gairdneri

Rainbow trout (parr),
Salmo galrdner}

Relnbow trout (smolt},
Salmo galrdaerl

Ralabow trout (2-mos),
Salmo galrdneri

Ralnbow trout,
Salma galrdnerl

Method®

Chemical

T,

M

x

Cadmium chiorlde

Cadmlum chloride

Cadalum chioride

Cadmlum chlorlde

Cadmjum chjorjde

Cadmium chioride

Cadmlum chloride

Cadmium chioride

Cadmlum nltrate

Cadmiom suffate

Hardness
(mg/L as
_CaC03)

23

90

23

~N
(]

(28]
v

20-22

N
(¥

25

23

a

28

10,4

26868

15
W

)2 .91't

Specles Mean
Acute Yalue

{pg/L)0nd

5.894

4,254

Chapman,

torz, et

Ruference

1975

at, 1975

, 1915,

1975,

Finlayson & Verrue,

annA

190£

Chapman,

Chapman,

Chapman,

Chapman,
Chapman,

i¥75, i978

1975, 1978

1978

1975
19728

Hale, 1977

Davies, 1976



Table 1, {Continued)

Specles

Rainbow frout,
Saimo gairdneri

Rainbow Trout,
Salmo galrdnerl

Ralnbow trout,
Saimo gairdneri

Rainbow fTrout,
Salmo galrdneri

Ralnbow trout,
Saimo gairdneri

Brown trout,
Salmo trutta

Brown trout,
Salmo trutta

Brook frout,
Salvelinus tontinalis

Method*

Chemical

Brook trout,
Salvelinus fontinalis

Goldtish,
Carasslus auratus

Galdtlish,
Carasslius auratus

Goldflish,
Carasslus auratus

Common carp,
Cyprinus carpio

Fathead minnow,
Pimephales promelas

s,V

-

Cadmlum chiorlde

Cadmium chlioride

Cadmium chloride

Cadmium chloride

Cadmium chloride

Cadmium chjoride

Cadmium sulfate

Cadmium chloride

Cadmium chioride

Cadmium chloride

Cadmium chioride

Hardness LG50
(mg/L as or EC50
CaC03) (pg/L)es
- 6
- 7
- 6.0
55-79 10.2¢
39-48 2.3
55-79 5.t
39-48 1.4
47,4 5,080
42 <i.5
20 2,340
20 2,130
140 46,800
55 240
20 1,050% %0 %

29

Species Mean
Acute Vaiuve

(pg/L)uns

3.589

1,638

11t

8,325

215.5

Reference

Kumada, et al, 1973

Kumada, et ai, 1973

Kumada, et ai, 1980

Spehar & Carison,
1984a,b

Spehar & Carlson,
1984a,b

Spehar & Carison,
1984a,b

Spehar & Carlson,
1984a,b

Holcambe, et al, 1983

Carroil, et al.
1979

Plckering &
Henderson, 1966
McCarty, et al. 1978
McCarty, ot al, 1978

Rehwoldt, et al, 1972

Plckering &
Henderson, 1966



Table 1, (Continued)

Specles

fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promalas

Fathead minnow,
Pimephales promalas

Fathead minnow,
Plimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephaies promelas

Fathead minnow,
Pimephales promalas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry},
Pimephales promelas

fathead minnow {fry),
Plmephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry),
Plmephales promelas

Mathod®

Chem)cal

S, u

S, U

S, U

FT, M

FT, M

FT, M

S, M

Cadmium chloride

Cadmlum chioride

Cadmium chlorlde

Cadmium sulfate

Cadmlum suifate

Cadmlium sul tate

Cadmium sulfate

Cadmium sulfate

Cadmium chlorlde

Cadmium chloride

Cadmium chloride

Cadmlum chlorlide

Cadmlum chloride

Cadmium chlorlide

Hardness
(mg/L as
CaODS)

20

360

360

201

201

201

201

201

40

48

39

45

47

44

30

LC50 Specles Mean
or EC30 Acute Value
(pgsL)ee (pg/L)nes Reterence
630nnus - Plickering &
Henderson, 1966
72,600 80N - Pickering &
Henderson, 1966
73,500nnus - Pickering &
Henderson, 1966
11,20000ns - Pickering & Gasft,
1972
12,0008008 - Pickering & Gast,
1972
6,400 0% - Pickering & Gast,
1972
2,000%nus - Pickering & Gast,
1972
4,500 was - Pickering & Gast,
1972
21,5 - Spehar, 1982
1.7 - Spehar, 1982
19.3 - Spehar, 1982
42.4 - Spehar, 1982
54,2 - Spehar, 1982
29.0 - Spehar, 1982



Table 1. (Continued)
Snecles

Sp <

Fathead minnow {adult),

ow {ad
a

Pimephales promel ;

Fathead minnow (adult),

Pimaphales promalas

Fathead minnow (ad
a

Pimephales promel

1)

Fathead minnow (adult),

Plmachatacs nromelacg
t natas p

Fathaad mlnnow

WSC R BNhOw,

Pimephales promelas

Mamdharn =meia 41 o
W BT W SYuawil ¥ i,

Ptychochel lus oreqgonensis

White sucker,

Nadrnctd miie ~osma
LaIod1onmily Clanans

-
o
-
3
[-N
o
[

Mathod® Chemlical

S, M Cadmium chlorlde
S, M Cadmium chloride
S, M Cadmlum chlorlde
S, M Cadmlum chloride
S, M Cadalum chloride
S, M Cadmlum chioride
T, M Cadalum chlorids
FT, M Cadmlum chioride
FT, 4 Cadmium chlorida
FT, ™ Cadmium chioride
S, M Cadmium chioride
S, M -

Fi, Cagmium chioride
T, M Cadmium chloride

103

>
(¥ ]

254-21

FS
&

(W3]
—

or EC50

{ua/l Y R%
pq/L)

Snaclec Mann

Sy-==S o=

Acute Value
{un/i YERE
{pg/t)

3,06088%%

2,900%%us

'a

At
=
(=3

7,160% %08

LR TR 2]
P4t

1,280n #un

w
\n
(=]

\
4
.

Referance
RAlraa, at al_ 1083
Birge, ot al, 1983

Duncan & Klaverkamp,

PR B, T P,
U o Lavidxan,

Glesy, et al, 1977



Table 1, ({(Continued}

Specles

#Hosqul toflsh,
Gambusia attinls

Guppy,
Poecilla raticulata

Thraespine stickleback,
Gasterosteus aculeatus

Threesplne stlckleback,
Gasterosteus aculeatus

whi te perch,
Morone amer|lcana

Striped bass,
Morone saxatills

Striped bass (larva),
Morone saxatllls

Striped bass (fingerilng},

Morone saxatills

Green sunflsh,
Lepoils cyanellys

Green suntlsh,
Lepomls cyanellus

Green sunflsh,
Lepomls cyanallus

Pumpkinseed,
Lepomls glbbosus

Biuaglit,
Lepomls macrochlrus

Blueglti,
Lepoml s macrochirus

Method®

Chemical

T, M

Cadmlum chioride

Cadmium chlorlde

Cadmlum chloride .

Cadmjum chloride

Cadmium chlorlde

Cadmlum chiorilde

Cadmium chlorlde

Cadmium chiorlde

Cadmlum chiorlde

Cadmium chioride

Cadmium chloride

Hardness
(mg/L as

CaCOg)
1.
20

115
103-11 1
55
55
34,5
34.5
20
360
335
55
20

207

LC50
or EC50
{ug/L)u®
2,200
1,210
6,500

23,000

8,400

1,100

20,500
1,500
1,940

21,100

Glesy, et al, 1977

Pascoe & Cram, 1977

Pascoe & Mattey, 197]

Rehwoldt, et al, 1972

Rehwo ldt, et at, 1972

Specles Mean
Acute Yalue
(pg/L)Rea Reterence
7,685
3,570 Plckering &
Henderson, 1966
4,917
7,544
- Hughes, 1973
e Hughes, 1973
- Pickering &
Hendarson, 1966
- Pickering &
Hendarson, 1966
5,147 Juda, 1973
1,347

Rehwoidt, ot al, 1972

Plckering &
Henderson, 1966

Eaton, 1980



Table |, (Continued)

Specles

Bluegl i,
Lepomis macrochlrus

Bluegi |1,
Lepomis macrochlrus

Bluegi i,
Lepomis macrochlrus

Blueglil,
Lepoml s macrochirus

Polychaete worm {(aduilt),
Neanthes arenaceodentata

Polychaete worm (juvenile),

Neanthes arenaceodentata

Sand worm,
Nerels virens

Polychaete worm,
Nerels virens

Polychaete worm (adult),
Capltella capltata

Polychaete worm (larva),
Capltella capitata

Oligochaete worm,
Limnodri loldes verrucosus

Ollgochaete worm,

Monophylephorus cutlcalatus

Oligochaete worm,
Tubl ficoides gabrilellae

Hardness
{mg/L as
Method® Chemical CaCOy)
S, M Cadmlum chlorlde 18
S, M Cadmium chioride 18
S, H Cadmium chioride 18
S, M Cadmium chilaride 55~719
SALTWATER SPECIES
S, U Cadmium chioride -
S, u Cadm|um chloride -
S, u Cadmium chiorlde -
5, U Cadmium chloride -
S, U Cadmium chioride -
S, U Cadmium chioride -
R, U Cadmium sulfate -
R, U Cadmium sultate -
R, U Cadmlium sultate -

Bishop & Mcintosh,

Bishop & Mcintosh,

Bishop & Mcintosn,

Spehar & Carlson,

Relsh, et al, 1976

Reish, ot ai, 1976

Elsler & Hennekey,

Reish, ot al, 1976

Relsh, et al, 1976

Chapman, et al, 1982a

Chapman, et al, 1982a

LC50 Specles Mean
or EC50 Acute Value
(pg/L)%e Apg/L)snt Reference
3,860 -
1981
2,800 -
1981
2,260 -
1981
8,810 6,961
1984a,b
12,000 -
12,500 12,250
9,300 -
1977
11,000 10,110 Eister, 197
7,500% %% -
200 200
10,000 10,000
135,000 135,000
24,000 24,000

33

Chapman, et al, 1982a



Table ), (Continued)

Specles

Oyster driti,
Urosalplinx clinerea

Mud snail,
Nassarlus obsoletus

Mud snall,
Nassarlus obsoletus

Biue mussel,
Mytilus edulls

Blue mussel (embryo),
Mytllus edulls

Blue mussel,
Mytilus edulls

Blue mussel,
Mytiius edulls

Blue mussel,
Mytllus edulis

Bay scallop (juvenite),
Argopecten lrradians

Paci fic oyster (embryo),
Crassostrea gigas

Pacltic oyster (larva),
Crassostrea gigas

Eastern oyster (larva),
Crassostrea virginlca

Sott-shell clam,
Mya arenaria

Sott-shell clam,
Mya arenaria

Method® Chemical
S, u Cadmiun chloride
S, U Cadaium chloride
S, u Cadmium chloride
s, U Cadmium chloride
S, U Cadalum chloride
S, M Cadmium chioride
FT, M Cadmjum chloride
T, ™ Cadmium chioride
S, b Cadm)um chloride
S, U Cadmlum chloride
S, U Cadmium chiloride
S, u Cadmlum chlorlide
S, u Cadmium chloride
S, U Cadmium chloride

34

LC50

or EC50
(pg/L)R®

6,600

35,000

10,500

25,000

1,200

1,620

3,600

4,300

1,480

611

85

3,800

2,500

2,200

Speclies Moan
Acute Value

(ug/L) 008

Reference

6,600

19,170

5,934

1,480

221,9

3,800

Eisler, 19Tt

Elsler & Hennekey,
1977

Eisler, (971
Eister, 1971
Martin, et al, 198}
Ahsanultah, 1976
Ansanul lah, 1976
Ahsanul lah, 1976
Nelson, et al, 1976
Martin, et al, 1981
watling, 1982
Calabrese, et al,

1973

Eisler & Hennekey,
1977

Eisler, 1971



Table 1. (Contlinued)

Specl es

Sott-shel |l clam,
Mya arenarla

Copepod,

Pseudodlaptomus coronatus

Copepod,
Curytemora affinls

Copepod (naupllus),
Eurytemora attinls

Copapod,
Acartia clausi

Copepod,
Acartia tonsa

Copepod,
Acartia tonsa

Copapod,
Acartla tonsa

Copepod,
Acartia tfonsa

Copepod,

Nitocra spinipes

Mysid,
Mysidopsis bahla

Myslid,
Mysldopsis bahia

Mysid,
Mysldopsis blgelowl

Amphlpod {adult),
Ampellisca abdlta

Method® Chemical
S, Cadmium chioride
S, Cadmium chjorlde
S, Cadmium chiorlde
S, Cadmium chlorlde
S, Cadmlum chloride
S, Cadmium chlorlde
S, Cadmlum chloride
S, Cadmium chioride
S, Cadmlium chloride
S, Cadmiuvm chloride
FT, Cadmium chiorlde
FT, Cadmlum chloride
FT, Cadmium chiloride
FT, Cadmium chloride

LCS0
or ECS0

(ug/L)*e
850
1,708
1,080

147,7
144
90
122
220
337
1,800

15,5

110

110

2,900

35

Sulllvan, et al, 1983

Sosnowskl & Gentlle,

Sosnowskl & Gentlle,

Saosnowsk! & Gentile,

Sosnowskl & Gentlla,

Nimmo, et al. 1977a

Gentlle, ot al. 1982;

Gentile, et al, 1982

Species Mean
Acute Yalue
(pg/L) e Refersnce
1,672 Eisler, 1977
1,708 Gentile, 1982
- Gentlle, 1982
399.4
144 Gentlle, 1982
1978
1978
1978
168,9
1978
1,600 Bengtsson, 1978
41,29
Lussler, et al,
Manuscript
1o
2,900 Scott, et al,

Manuscript



Table ). (Contlnued)

LCS0 Spacles Mean

or EC50 Acute Vaiue
Species Method®  Chemical (pg/L)"® {pgrL)sns Reference
Amphipod {(young), S, M Cadmium chloride 3,500 - Wright & Frain, 1981
Mar | nogammarus obtusatus
Amphlpod (adult), S, M Cadmium chloride 13,000%%%% 3 500 wright & Fraln, 198}
Mar i nogammarus obtusatus
Pink shrimp, T, M Cadmium chloride 3,500 3,500 Nlmmo, et al. 1977b
Penaeus duorarum
Grass shrimp, S, U Cadmium chloride 420 - Elsler, 1971
Palaemonetes vulgarls
Grass shrimp, T, M Cadmium chlorlde 160 760 Nimmo, et al, 1977b
Palaemonetes vulgarls
Sand shrimp, S, u Cadmium chioride 320 320 Eister, 19701
Crangon septemspinosa
American lobster (tarva), S, u Cadmlum chloride 78 78 Johnson & Gentlile,
Homarus amer|canus 1979
Herm} ¥ crab, S, u Cadmium chioride 320 - Elsler, 19N
Pagurus longl carpus
Hermit crab, S, U Cadmfum chioride 1,300 645 Eisler & Hennekey,
Pagqurus longlcarpus 1977
Rock crab (zoea), FT, M Cadmjum chlorlide 250 250 Johns & Miller, 1982
Cancer lrroratus
Dungeness crab (zcea), S, U Cadmium chloride 247 247 Martin, et al, 1981
Cancer magister
Blue crab (Jjuvenlle), S, U Cadmium chtoride 11,600 - Frank & Robertson,
Calllnectes sapldus 1979
Blue crab (juvenile), S, u Cadmium chlorlde 4,700 7,384 frank & Robertson,
Caillnectes sapldus 1979
Green crab, S, U Cadmium chlorlde 4,100 4,100 Eisler, 19N

Carclinus maenas
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Table ). {(Continued)

Species

Fiddler crab,
Uca pugllator

Fiddler crab,
Uca pugl lator

Fiddler crab,
Uca pugliator

Fiddler crab,
Uca pugl lator

Fiddler crab,
Uca pugilator

Flddler crab,
Uca pugl {ator

Startish,
Asterias forbesi

Startish,
Asterlas forbesl

Sheepshead minnow,
Cyprinodon variegatus

Mummichog (adult),
Fundulus heteroclitus

Mummichog (adult),
Fundulus heterocllitus

Mummichog (juvenlile),
Fundulus heterociltus

Mummichog (Jjuvenile),
Fundulus heteroclitus

Mummichog (juvenile),
Fundulus heteroclitus

Method® Chemlcal
S, U Cadmium chloride
S, u Cadmium chlorids
S5, U Cadmium chjorlde
S, U Cadmium chiloride
S, u Cadmium chilortde
S, u Cadmlum chloride
S, u Cadmium chloride
5, U Cadmium chloride
S, u Cadmium chlorlide
S, u Cadmium chloride
S, U Cadmjum chioride
S, U Cadmium chlorlde
S, u Cadmium chloride
S, U Cadmium chloride

37

Elsler & Hennekey,

Elsler & Hennekey,

LCS50 Speclies Mean
or EC50 Acute Value
(ug/L) %2 (pg/L)nus Retference
46,600 - O'Hara, 1973a
37,000 - O'Hara, 1973a
32,300 - O'Hara, 1973a
23,300 - O'Hara, 1973a
10,400 - O'Hara, 1973a
6,800 21,240 O'Hara, 1973a
7,100 -
1977
820 2,413 Elsler, 1971
50,000 50,000 Eisler, 1971
49,000 - Elsler, 1971
22,000 -
1977
114,000 - Yoyer, 1975
92,000 - Voyer, 1975
78,000 - Voyer, 1975



Table V, (Continued)

Specles

Munmichog (juvenlle),
Fundulus heteroclltus

Mummichog (juvenlle),
Fundulus heteroclitus

Mummlchog (juvenlle),
Fundulus heteroclltus

Mummichog (Juvenlle),
Fundulus heteroclltus

Mumal chog (juvenliie),
Fundulus heteroclltus

Striped kiillltish (adul¥),
Fundulus majalls

Atlantic sliversida (adult),
Menidla menidia

Atlantic sliverside
(Juvenl le),
Menidia menidia

Atlantic siiverside
(juvenlle),
Menidla menidia

Atlantic silverside (larva),
Menldla menidia

Atlantic sliverside (larva),
Menidla menidla

winter flounder (larva),
Pseudop leuronectes
amer | canus

Method® Chemical
S, U Cadaium chlorlde
S, U Cadmium chloride
S, U Cadmium chioride
S, U Cadmium chiorlde
S,V Cadmium chlorlde
S, U Cadmium chloride
s, u Cadmium chloride
S, U Cadmium chlorlide
S, U Cadmium chioride
S, U Cadmium chtioride
S, U Cadmium chloride
S, u Cadmium chiorlde

38

LC50 Specles Mean
or EC50 Acute Valus
_Lpg/L)es (pgrL)Rne Reterence
73,000 - Voyer, 1975
63,000 - Voyer, 1975
31,000 - Voyer, 1975
30,000 - Yoyer, 1975
29,000 50,570 Voyer, 1975
21,000 21,000 Eisler, 1971
2,03200u8 - Cardin, 1982
28 ,532n04% - Cardin, 1982
13,6528 %8s - Cardin, 19582
1,054 - Cardin, 1982
517 779,.8 Cardin, 1982
so2t1ttt - Cardin, 1982



Yable 1. (Continuad)

LC50 Specles Mean
or EC50 Acute Yalue
Specles Method* Chemical {ug/L)R® (pg/L)tus Reterence
Winter flounder (larva), S, U Cadmium chlorlde 14,297 14,297 Cardian, 1982
Pseudop leuronectes
amer | canus
* S = static, R = renewal, FT = flowthrough, M = measured, U = unmeasured,

% Results are expressed as cadmium, not as the chemical,

%%*%  Freshwater Specles Mean Acute Values are calculated at a hardness of 50 mg/L using the pooled slapa,
4888 Not used In calculations because data are avaliable for a more sensltive iife stage.

REERENGYT used In calculations (see text).

t Not used In calculations because this higher value was obtalned in river water,

Tt Average of values calculated using two different methods,
11t wGreater than" values were not used in calculations,
LALLANV Specles Mean Acute Value calculated because acute values are too divergent for thls specles,

tttttﬂof used In calculations because this lower value was obtained in artiticlal sea water,
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Table 1.

(Cont Inued)

Results of Covarlance Analysi. of Freshwater Acute Toxiclity versus Hardness

Specles
Da?:nladggg%g
Daphnia magna
Chapman, et al,
Manuscript)
Goldtish
Fathead minnow
Green sunfish
Bluegli i}

Four flshes

Afl of above using atll
data for D. magna

All of above usling
only data from
Chapman, et al,
(Manuscript) for

D. magna

10

16

28
38

33

slor

0.0

1,182

1.564
1.239
0.905
0.868
1.125%
0.975%*

1,128

95% Conflidence Limits

Deqrees of Freedom

-1.171, 0.881
0.519, 1.846
1.032, 2,095
0.780, 1.698

-3,352, 5.162
0,516, 1,220
0.853, 1.397
0.672, 1.218
0.883, 1,373

8

® Pz=0,44 for equallty of slopes,

%% p20),04 for equallty of slopes,

#*¥pz0,54 for equallity of slopes,
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Table 2, Chronlc Toxiclty of Cadmium to Aquatic Anisals

Hardness Adjusted
{mg/L as Limlts Chronlc Value Chroaic Yalue
Specles Test® Chamical CaCOy) (pg/L)8% (pg/L)0t® (pg/L) R Reference
FRESHWATER SPECIES
Snall, LC Cadmium chioride 45,3 4.,41-7,63 5.801 6.269 Holcambe, et al,
Aplexa hypnorum 1984
Snaill, LC Cadmlum chioride 45,3 2,50-4,79 3,460 3,739 Holcombe, et al,
Aplexa hypnorum 1984
Cladoceran, LC Cadmium chioride 55-79 3.4-17,2 4.9487 35,9327 Spehar & Carison,
Cer lodaphnla reticulata 19842,b
Cladoceran, (1] Cadmlum chiorlde 53 0,08-0,29 0.1523 0,1455 Chapman, et al,
Daphnia magna Manuscrlpt
Cladoceran, L Cadmlum chloride 103 0,16-0,28 0.,2117 0,1200 Chapman, et al,
Daphnia magna Manuscript
Cladoceran, LC Cadmium chloride 209 0.21-0,91 0.4311 0.1422 Chapman, et al,
Daphnia magna Manuscrlpt
Cladoceran, Lc Cadmjum chloride 80-84 0.,2-0.4 0.2828 0.1918 Hatakeyama &
Mol na macrocopa Yasuno, 1981b
Coho salmon (Lake Superlior), ELS Cadmium chloride 44 1.3-3,4 2,102 2.324 gEaton, et al, 1978
Oncorhynchus kisutch
Coho salmon (West Coast), ELS Cadmium chlorlde 44 4.,1-12.5 7.159 7,915 Eaton, et al, 1978
Oncorhynchus klsutch
Chinook salmon, ELS Cadmium chloride 25 1,3~1,68 1,563 2.694 Chapman, 1975
Oncorhynchus tshawytscha
Atlantic salmon, ELS Cadmium chioride 19-28 90-270 (5C)  155.9 282,011 Rombough & Garside,
Salmo salar 2.5-8.2 (9.6 C) 4,528 8,192 1982
B8rown trout, ELS Cadmium chioride 44 3.8-11,7 6,660 1.372 Eaton, et al. 1978

Saimo Yrutta



Table 2. (Continued)

Specles

Brook trout,
Saivellnus fontinalils

Brook trout,
Salvellinus tontinalls

Brook tfrout,
Salvelinus fontinails

Lake trout,
Salvellnus namaycush

Northern plke,
Esox luclus

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

white sucker,
Catostomus commersonl

Flagfish,
Jordanel la florldae

Fiagfish,
Jordanella floridae

Flagtish,
Jordanel la tlorldae

Blueglit,
Lepomls macrochirus

Smal Imouth bass,
Micropterus dolomlsul

Tost®

ELS

Lc

ELS

ELS

ELS

Lc

ELS

ELS

Lc

LC

Lc

Lc

ELS

Chemical

Cadmium

Cadmium

Cadal um

Cadmium

Cadml um

Cadmium

Cadmi um

Cadmi um

Cadmi um

Cadmi um

Cadmi um

Cadmi um

Cadmium

chloride

chloride

chlorlde

chioride

chiorlde

sul fate

chiorlide

chloride

chloride

chloride

chloride

sulfate

chioride

Hardness
(mg/L as

_Col0y)
44
a4
37
44
“

201
55-79
44
44
44-51
44-5)
207

44

42

Eaton, et al, 1978

Benoi t, et al, 1976

Sauter, et al, 1976

Eaton, ef al, 1976

Eaton, et al, 1978

Pickering & Gast,

Spehar & Carison,

Eaton, et ai, 1978

Adjusted
Limits Chronic Value Chronlc Value
Lug/L)ss Aug/L) 0" (pg/L)Res Reteronce
1.1-3.8 2,045 2.261
1.7-3.4 2.404 2.658
-3 1,732 2,194
4.4-12,3 71.3517 8.134
4,2-12,9 7.361 8.138
31-57 45,92 15.40
1972
13.4-26.7 18,927 15.041
1984a,b
4,2-12,0 7.099 7.849
4,1-8,1 5.763 6,371 Spehar, 1976a
3.0-6,5 4,416 4,597 Carison, et al,
1982
3.‘-7.3 4.932 5.‘87 Cal’lson, ﬂf Dl.
1982
31-80 49 .80 16 .32 Eaton, 1974
4,3-12,7 7.390 8.170

Eaton, et a4, 1978



Table 2, (Contlnued)
Hardness Adjustad
{mg/L as Limits Chronlc Yalue Chronlc Value
Speclas Test* Chemical CaCly} {ug/L)e" {pg/L)®® (pgrLyanse Referonce
SALTWATER SPECIES
Mysid, ) i Cadmium chioride = 6.4-10.6 8,237 = Nimmo ot al, 1977a
Mysidopsls bahla
Mysid, Lc Cadmium chlorlde - 5.1-10 7.141 - Gentile, et al, 1982;
Mysidopsis bahia tussier, ot al.
Manuscript
Mysid, w Cadmium chioride - S5.1-10 7.141 - Gentlle, et al, 1982
Mysidopsis bigeiowi
- P I~ R OE L A A = BT R b e a_madod BE L ambla
S ELS * eariy (170 StTage, Ll = 1118 CyCie OF partiar 1116 CyCia,
% Results are expressed as cadmium, not as the chemicai,
BR2Adjusted to a hardness of 50 mg/iL using a siope of 0.785Z {(see texil.
t TestT was conducted in river water,
1" Not used in caicuiations (see Texti,
Acute-Chronic Rafio
Hardness Acuie Chronic
(mg/L as Value Value

Species CaCoy {pg/i) {pg/iid Ratio

Snaii, 45,5 95 5.B01 16 .03

Apiexa hypnorum

Snail, 45,3 93 3.460 26,88

Aplexa hypnorum

Cladoceran, 80-84 .25 0.2828 251 .9

Molna macrocopa

Cladoceran, 55-19 129* 4,948*% 26.07%

Ceriodaphnia

retlcuiata

B
w



Table 2, {(Continued)

Specles

Cladocsran,

Daphnla wmagna

Cladoceran,
Daphnia magna

Cladaceran,
Daphnia magna

Chinook salmon,

Oncorhynchus
tshawytscha

fathead winnow,
Plmephales promelas

Fathead mlnnow,
Pimephales promelas

Flagfish,
Jordanel la tloridae

Bluegiil,
Lepomls macrochlrus

Mysid,
Mysidopsis bahla

Mysid,
Mysidopsis bahia

Myslid,
Mysldopsis bigelowl

Acute-Chronic Ratio

Hardness
(mg/L as

_CaCly

53

103

209

25

201

55-79

44

207

Acute
Value

(pg/L)

9.9

33

49

1.4

5,9954%

1,830%

2,500

21,100

15.5

1o

110

Chronlc
Value

Lvg/t)
0,1523
0,2117

0.437

1.563

45.92
18.92*
5,763
49 .80
8,237
T.141

7.141

Ratlo

65,00
155.9
12,1

0.,9021

1306
96,72
433.8
423,17
1,882
15,40

15.40

* pcute and chronlc tests were conducted In river water (Spehar and Carison, 1984a,b).

*4Gaometric mean of flve values In Table | from Pickering and Gast (1972),
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Table 2. ({(Continued)

Ranked Freshwater Genus Mean Chronlic Values

Genus Mean Spacies Mean Species Hean

Chronlc Value Chronlc Value Acute-Chronic
Rank® (ug/L)®e Species Lpg/L)se Ratlo
13 16,32 Bluegl i, 16,32 423,7

Lepamls macrochirus

12 15,22 fFathead minnow, 15,2288 112 4080
Pimephales promalas

1R 8.170 Smalimouth bass, 8.170 -
Micropterus dalomleul

10 8,138 Northern pike, 8.138 -
Esox luclus

9 1.7 Aflantic saimon, 8,192 -
Salmo salar

Brown frout, 7.3712 -
Saimo trutta

8 7.849 white sucker, 7.849 -
Catostomus commersonl

7 5,336 Flagfish, 5.3367 433.8
Jordanella florldae

6 4,841 Snail, 4,84 00 20,7680
Aplexa hypnorium

5 4,383 8rook trout, 2.362% -
Salvelinus tontinalis

Lake trout, 8.134 -
Salvelinus namaycush

4 3.932 Cladoceran, 3,932 26,07
Cerlodapimia reticulata
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Oncorhynchus kisutch

Chinook salmon,
Oncorhynchus fshawytscha

Mol na macrocopa

Yable 2, (Continued)
Genus Maan
Chronic Yalue
Rank* (pg/L) % Specles
3 3,399 Coha saimon,
2 0.1918 Cladocaran,
1 0,1354

Cladocaran,
Daphnla magna

Specles Mean Species Mean
Chronic Value Acute-Chronic
(pg/L)0e Ratlo
4.239lll -
2,694 0.9021
0.1918 251,9
0,1354 104 3

* Ranked from most resistant to most sensitive based on Genus Mean Chronic Value,

% Genus Mean Chronic Values and Species Mean Chronlc Valuss are at a hardness of 50

ng/L.

S83Gaometric mean of two values,

t Geomatric mean af three values,

At a hardness of 50 mg/L:

Freshwater Final Chronlc value = 0.040% ug/L (using N = 13)

freshwater Flnai Chronic Value = 0,6582 ug/tL (using N = 44; see text)

Slopa = 0,7852 (see text)

In (Final Chronlc Intercept) = I1n(0.6582) - (slope x 1a(50)}

Freshwater Flnal Chronlc Yalue = o

= -0,4182 - (0,7852 x 3.912) = -3,490

46
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Table 3.

Rank®

F-
Lt

F

N
w0

[V
~

AN
o

33

Ranked Genus Mean Acute Values wlth Species Mean Acute~Chronic Ratlos

Genus Mean
Acute Value

(pg/L)%

8,325

Species Mean
Acute Volue

Speciess Meon
Acute~Chronic
Ratio

Species (pg/L)R%
FRESHWATER SPECH. .

Goldflsh, 8,325

Carassius auraius

Damseifiy, 6,100

(Unidentifled)

Tublflcld worm, 7,921

Rihyacodr i ius moniana

mosquitotish, 7,685

Gambusia affinls

vwhite perch, 7,544

Morone amer {cans

Tublticld WO, 6,9}5

Stylodrlius herlinglanus

Channel cattfish, 5,708

letaliuriie nunctantue

ctalurus punctatus

Tublflcld worm, 4,40)

Splrosperma ferox

Tublficld worm, 5,658

Cnlracneorma nlkalekul

Splrosperma nlkolskyl

Threespline stickleback, 4,977

Gasterosteus aculeatus

Tubl ticld worm, 4,778

UYnrlchaata ancrléleoa

Varlchaets paclflica

Tubl ¢lcld worm, 4,024

Tublfex tublfex

Tubl flcld worm, 4,024

Quistradilus multlsetosus
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Table 3, (Continued)

Genus Mean Specles Mean Specles Mean
Acute Value Acute Value Acute-Chronic
Rank* (ug/L)e® Specles {pg/L)n® Ratio
32 3,800 Snall, 3,800 -
Amnlcola sp.
31 3,641 Green sunflsh, 5,147 -
Lepomis cyanel lus
Pumpkinseed, 1,347 -
Lepomis qlbbosus
Blueglif, 6,961 423.7
Lepomis macrochlrus
30 3,570 Guppy, 3,510 -
Poeclila reticuiata
29 3,514 white sucker, 3,514 -
Catostomus commersonl
28 3,400 Caddistily, 3,400 -
(Unident] filed)
27 3,018 Tubl ticld worm, 3,018 -
Branchliura sowerbyl
26 2,888 Flagtish, 2,888 433.8
Jordanei la tloridae
25 2,400 Northera squawtlsh, 2,400 -
Ptychochel {us oreqonensis
24 2,310 Maytly, 2,510 -
Ephemearelia grandls
23 2,137 Tubl ficld worm, 2,137 -
Limnodriius hottmelsteri
22 1,700 Worm, 1,700 -
Nals sp,
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Table 3, (Contlnued)

Genus Hean Specles Mean Speclies Mean
Acute Value Acute Value Acute-Chronic
Rank* (pg/L) R Specles (pg/L)#® Ratlo

21 1,200 Midge, 1,200 -
Chironomus sp.

20 7136,4 American eel, 736 .4 -
Anguilla rostrata

19 400.5 Isopod, 400.5 -
Asellus bicrenata

18 322.8 Maytly, 322.8 -
Paraleptophiebla
praepedi ta

17 221.9 Bryozoan, 2219 -
Plumatella emarginata

16 215.5 Common carp, 2155 -
Cyprinus cargio

15 204.9 Amphi pod, 204 .9 -
Hyalella azteca

14 156 .9 Snal ), 156.9 -
Physa gyrina

13 142.5 Bryozoan, 142,5 -

Poctinatel la magnifica

12 1040 Snalt, 1040 20,764
Aplexa hypnorum

1 98.79 Banded kil V1l tish, 98.79 -
Fundulus dlaphanus

10 83,02 Cladoceran, 83.02 26,07
Ceriodaphnia reticulata

9 62.55 Amphlipod, 55.90 -
Gammarus pseudollmnaeus

Amphi pod, 10.00 -
Gammarus sp.
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Table 3. (Continued)

Genus Mean Species Mean Specles Mean
Acute Value Acute VYalue Acute-Chronlc
Rank® (pg/L)%e Specles (pg/L)"® Ratlo

8 43,74 Cladoceran, 45,93 -
Simocephalus serrulatus
Cladoceran, 41,65 -
Simocephalus vetulus

7 42,80 Isopod, 42,80 -
Lirceus alabamae

6 40,78 Cladoceran, 40,78 251.9
Moina macrocopa

5 30,54 Bryozoan, 30.54 -
Lophopodel la carter |

4 30,50 Fathead minnow, 30.50 112,408
Pimephales promeias

3 26,06 Cladoceran, 12.19 104 Jnnne
Daphnla magna
Cladoceran, 55.72 -
Daphnia pulex

2 5.007 Coho sailmon, 5.8%4 -

Oncorhynchus kisutch

Chlinook salmon, 4,254 0.9021
Oncorhynchus tshawytscha

| 2,425 Rainbow frout, 3,589 -
Salmo galrdnerl

Brown frout, 1,638 -
Salmo frutta

SALTWATER SPECIES

33 135,000 Oligochaete worm, 135,000 -
Monopyl ephorus
cutlicalatus
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Table 3.

Rank®

32

31

w
p=)

N
[+ -]

26

25

24

23

22

21

20

(Continued)
Genus Mean Specles Mean
Acute Vaiue Acute Valus

(pg/L)%* Specl es (pg/L)B%

50,000 Sheepshead minnow, 50,000
Cyprinodon variegatus

32,590 Mummi chog, 56,570
Fundulus heteroci!tus
Striped killlfish, 21,000
funduius majaiis

24,000 Oiigochaete worm, 24,000
TJubl ficoldes gabriellae

21,240 Fiddler crab, 21,240
iica pugiiator

19,170 Mud snaiji, i9,i70
Nassar lus obsoletus

14,2917 Winter flounder, 14,297
fPseudopieuronecies
amer fcanus

12,250 Polychaete worm, 12,250
Neanthes arenaceodentatia

10,110 Sand worm, 10,010
Nerels virens

10,000 Ollgochaeta woram, 10,000
Limnodri loi des verrucosus

7,384 Blue crab, 7,384
Calllnectes sapidus

6,600 Oyster driil, 6,600
Urosalpinx clnerea

4,100 Green crab, 4,100
Carcinus maenas

3,934 Blue mussel , 3,934

Mytl lus edullis

w
—




Tabie 3. (Continued)

Genus Mean Species Mean Species Mean
Acute Value Acute Value Acute~Chronlc
Rank" (ugsLise Specles (pg/L)® Ratlo

19 3,500 Amphipod, 3,500 -
Mar | noqammarus obtusatus

8 3,500 Plak shrimp, 3,500 -
Penaeus duorarum

17 2,900 Amphlpod, 2,500 -
Ampellsca abdita

16 2,413 Startish, 2,413 -
Asterias torbesi

15 1,800 Copepod, 1,800 -
Nltocra spinipss

4 1,708 Copepod, 1,708 -
Pseudod| aptomus coronatus

13 1,672 Saft~shell clam, 1,672 -
Mya arenarla

12 1,480 fBay scallop, },480 -
Arqopecten lrradlans

t 930.6 Pacltic oyster, 221.9 -
Crassostrea glgas
Eastern oyster, 3,800 -
Crassostrea virginica

10 7719.8 Atlantic sliverside, 7719.8 -
Menidia menidia

9 160 Grass shrimp, 7160 -
Palaemonetes vulgaris

8 645 Hermi t crab, 645 -
Pagurus longicarpus

7 399 .4 Copepod, 399 .4 -

Eurytemora attinls
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Table 3.

Rank®

{Continued)

Genus Mean
Acute Value

(ug/L) %0

320

248 .5

200

156

)

67.39

Mysidopsis bigelowl

Specles Mean Specles Mean
Acute Yalue Acute-Chronlc
Specles (pg/L) R Ratio
Sand shrimp, 320 -
Crangon septemsplnosa
Rock crab, 250 -
Cancer Irroratus
Dungeness crab, 241 -
Cancer maglster
Polychaete worm, 200 -
Capltella capl tata
Copepad, 144 -
Acartla clausi
Copepod, 168 .9 -
Acartia tonsa
Amarican lobster, 78 -
Homarus amer i canus
Mysid, 41,29 5,384 %%
Mysidopsls bahia
Mysid, 10 15,40
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Table 3, (Continued)

* Ranked from most resistant to most sens{tive based on Genus Mean Acute Value,
% freshwater Genus Mean Acute Values and Specles Mean Acute Values are at a hardness of 50 mg/L.
k% Goaometric mean of two values In Table 2,

niknuGaometric mean of three values In Table 2 from Chapman, et al. (Manuscript),

fFresh water
Final Acute Vaiue = 8,917 ug/L (calculated at a hardness of 50 mg/L trom Genus Mean Acute Values)
Finat Acute Value = 3,589 ug/tL (lowered to praotect ralnbow trout at a hardness of 50 mg/L; see text)
Criterion Maximum Concentration = (3.589 ug/L) / 2 = 1.,7945 yug/L (at a hardness of 50 mg/L)
Pooled Slope = 1,128 (see Table 1)
in {Criterion Maximum intercept) = 1a(1,7945) - [siope x In(50))
= 0,5847 - (1,128 x 3,912) = -3,828

cr‘ terlon mxl'm concm‘.ra"on = e(‘ .‘28‘ ‘“(hardness, “3.828,

Sait vater
Final Acute value = 85,09 .g/L
Criterion Maximum Concentration = (85,09 pg/L) / 2 = 42,54 g/L
Final Acute-Chronic Ratio = 9,105 (see text)

Final Chronlc Value = (85,09 wg/L)} / 9,105 = 9,345 ug/L
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Specles

Dlatom,
Aster (onella formosa

Diatom,
Scenedesmus quadracauda

Dlatom,
MItzschla costerium

Diatom,
Navicula Incerta

Green alga,
Scenedesmus obllquus

Alga,
Eugiena gracllls

Alga,

Euglena gracllis anabaena

Green aiga,
Anklstrodesmus falcatus

Blue alga,
Microcystls seruglnosa

Green alga,
Scenedesmus quadr lcauda

Green alga,
Chiorella saccharophlla

Alga,
Chlorococcum spp,

Table

4., Toxiclty ot Cadmium to Aquatic Plants

Chemical

Cadmium

Cadmlium

Cadm ium

Cadmlum

Cadmium

Cadmlium

Cadmlum

Cadmium

Cadmlum

Cadmium

Cadm{um

chior ide
chlor lde
chlorlide
chloride

chlor lde

nltrate

chlorlde

nitrate

niltrate

chior lde

chioride

Hardness
(mg/L as

CaC04)
FRESHWATER SPECIES

Reterence

Result
Effoct (pg/L)*®
Factor of 10 2
growth rate
decrease
Reduction In 6,1
cell count
96-hr EC50 480
96-hr ECS50 310
39% reductlion 2,500
In growth
Morpholo- 5,000
glcal abnor-
mal itles
Cell divi- 20,000
slon Inhibl-
tion
8% reduction 2,500
n growth
Inclplient 70
inhibition
Inciplent 310
Inhibition
96-hr EC50 105
42% reduction 2,500

in growth

Conway, 1978

Klass, ot al. 1974
Rachlin, et al, 1982
Rachlin, ot al, 1982
Devl Prasad &

Devl Prasad, 1982

Nakano, et al. 1980

Nakano, 1960

Devl Presad &
Devi Prasad, 1982

Bringmann, 1975;
Bringmann & Kuhn,
1976, t1978a,b

8r ingmann & Kuhn,
1977a, 1978a,b, 1979,
1980b

RachlIn, et al, 1904

Devl Prasad &
Devl Prasad, 1902



Table 4. (Continued)

Speciles

Green alga,
Chlorelia pyrenocldosa

Green alga,
Chiorella vulgarls

Green alga,
Chlorelia vulgarils

Green alga,
Chlorella vulgarls

Green alga,
Selenastrum cagricornutum

Green alga,
Selenastrum capricornutum

Alga,
Anabaena flos~aquae

Algae (mlxed spp,)

fFern,
Salvina natans

Eurasian watermlifoll,
Myriophylium spicatum

Duckwaad,
Lemna valdiviana

Cadmium chlorlde

Cadmium chloride

Cadmium chioride

Csdmium nitrate

Cadmium chloride

Cadmium chlorlide

Cadmium nitrate

Cadmium nitrate

Hardness
(mg/L as
CeCOy)

50

56

Reference

Result
Efttect (ug/L)®
Reductlon In 250
growth
Reductlon In 50
growth
50% reduction 60
In growth
96-hr EC50 3,700
(growth Inhlibi-
tion)
Reduction In 50
growth
Reductlion in 255
grouth
96-hr EC50 120
Signlticant 5
reduction In
population
Reduction In 10
number of
fronds

32-day EC50 7,400
(root welght)

Reduction |In 10
number of
tronds

Hart & Scalfe, 1977
Hufchinson & Stokes,
1975

Rosko & Rachiln, 1977

Canton & Sloott, 1982

Bartlett, et al. 1974

Slooft, et al, 1983

Rachiin, ot al., 1984

Glesy, ot al. 1979

Hutchinson & Czyrska,
1972

Stanley, 1974

Hutchinson & Cyrska,
1972



Table 4, (Continued)

Species

Kelp,
l.aminana saccharina

Platom,
Asterionella japonica

Diatom,
Ditylum brightwellil

Diatom,
Thalasslosira pseudonana

Diatom,
Skeletonema costatum

Red alga,
Champla parvula

Red alga,
Champia parvula

Red alga,
Champla parvula

Red alga,
Champia parvula

Chemical

Cadmium

Cadml um

Cadmium

Cadalum

Cadml um

Cadalum

Cadmium

Cadmi um

Cadmi um

chloride

chioride

chloride

chloride

chioride

chioride

chloride

chlortde

chloride

Hardness
{mg/L as

LaC0y)

SALTWATER SPECIES

Reference

Resuit
Etfect (pg/L)®
g-day EC50 860
(growth rate)
72-hr EC50 224.8
(growth rate)
5-day EC50 60
(growth)
36-hr EC50 160
(growth rate)
96-hr EC50 175
tgrowth rate)
Reduced tetra- 24 .9

sporophyte growth

Reduced tetra- >189
sporangia
production

Reduced female 22,8
growth

Stopped sexual 22,8
reproduction

Markham, et al, 1980
Fisher & Jonas, 1981
Canterford &

Canterford, 1980
Gentiie & Johnson, 1982
Gentile & Johnson, 1962
Steele & Thursby,

1983

Steele & Thursby,

1983

Steele & Thursby,

1983

Steele & Thursby,
1983

* Results are expressed as cadmlum, not as the chemlcal,
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Specles

Autwuchs (attached
microscoplc plants and
animals

Aufwuchs (attached
microscopic plants and
animals

Duckweed,
Lemna valdiviana

Fern,
Salvinia natans

Snali,
Physa Infegra

Aslatic clam,
Corbicula flumlnea

Aslatic clam,
Corblcula fluminea

Cladoceran,

Daphnla magna

Cladoceran,
Daphnla magna

Craytlsh,
Orconectes proplnguus

Mayfly,
Ephemeroptera sp,

Mayfly,
Ephameroptera sp,

Dragonfly,
Pantala hymenea

Dragontly,
Pantala hymenea

Table 5,

Jissue

whotle

Whole

whole

whole

whole

whole

whole

whole

Whole

whole

whole

who la

plant

plant

body

body

body

body

body

body

body

bady

body

body

Chemlcal

Bioaccumulation of Cadmium by Aquatic Organisms

FRESHWATER SPECIES

Cadmium chloride

Cadmium chloride

Cadmium nlirate

Cadalum nltrate

Cadmius chioride

Cadmlum sultate

Cadmium sulfate

Cadmlum sultate

Cadmium sultate

Cadmium chiorlide

Cadmium chioride

Cadmlum chioride

Cadmium chloride
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Glesy, ot al, 1979

Glesy, ot al. 1979

Hutchlinson & Czyrska,

Hutchlinson & Czyrska,

Spehar, et al, 1978

Graney, ef al, 1983

Graney, et ai., 1983

Gillesple, of al,

Glesy, ot at, 1979

Glasy, ot al, 1979

Glesy, et al. 1979

Duration Bioconcentration
(days) Factor® Reference
365 720
365 580
21 603
1972
2\ 960
1972
208 t,750
.} 3,770
28 1,752
2-4 320 Poldoski, 1979
7 4042 Winner, 1984
8 184
1977
365 1,630
369 3,520
365 736
365 680

Glesy, ot al,. 1979



Table 5, (Continued)

Specles

Damseltiy,
Ischnura sp.

Damseltly,
| schnura sp.

Stonetly,
Pteronarcys dorsata

Beetle,
Dytiscldae

Beetle,
Dytiscidae

Caddistly,
Hydropsyche betteni

Caddistiy,
Hydropsyche sp.

Biting midge,
Ceratopogonldae

Biting midge,
Ceratopogonldas

Midge,
Chironomldae

Midge,
Chironomidae

Ralnbow trout,
Saimo gairdnert

Ralnbow frout,
Salmo galrdner|

Brook trout,
Salvelinus fontinalls

Brook frout,
Salvelinus fontinalis

Tissue

Whole body

whole body

Whole body

Whole body

whole body

whole body

whole body

whole body

whole body

Whole body

whole body

whole body

whole body

Muscle

Muscle

Chemical

Cadmium chloride
Cadmium chloride
Cadmium chioride
Cadmjum chioride
Ca@mlum chloride
Cadmium chloride
Cadmium chiorlde
Cadmium chlorde

Cadmlum chlorlde
Cadmlum chloride

Cadmium chloride

Cadmlum chloride
Cadmium chiorlde

Cadmium chlorlide
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Glesy, et al, 1979

Glesy, et al, 1979

Spehar, et al, 1978

Glesy, ot al, 1979

Giesy, ot al, 1979

Spehar, et al, 1978

Dressing, ot al.

Glesy, et al, 1979

Glesy, et al, 1979

Glesy, ot al, 1979

Glesy, et al, 1979

Kumada, et al, 1973

Kumada et al, 1980

Benolt, et al, 1976

Duratlion Bloconcentration

(days) Factor® Reference
365 1,300

365 928

28 373

365 164

365 260

28 4,190

2-8 228 24

1982

365 936

365 662

365 2,200

365 1,830

140 540

70 33

490 3

84 151

Benol t, et al. 1976



Table 5, (Continued)

Duration Bloconcentration
Spacles Tissue Chealcal (days) Factor® Reterence
Brook trout, Muscle Cadmlum chloride 95 22 Sangalang & Freeman,
Salvellnus fontlinalls 1979
Mosqul totlish, Whole body Cadmium chlorida 180 2,213 Glesy, et al, 1979
Gambuslia aftinls (estimated
steady state)
Mosqul tofish, whole body Cadmlum chloride 180 1,891 Glesy, ot al, 1979
Gambusia affinis {estimated
steady state)
Guppy, Whole body - 32 280 Canton & Siooft,
Poacl I1a retliculata 1982
Afrlcan clawad trog, Whola bhody - 100 130 Canton & Sloott,
Xenopus laevls 19682
SALTWATER SPECIES
Palychaata worm, Whole bady Cadmlum chlorlde 64 3,160 Kiocknar, 1979
Ophryotrocha dladema
Blue mussel, Soft parts Cadmium chloride 28 113 George & Coombs,
Mytllus adulls 1977
Dlaua miccal Cnét nartec Madml.om ~Ahlarlda 16 TN/ Phlililne 1Q78
BIUT NRISST w2y E el VS ARG A W I WS - Pt THT TRV PPy T
Mytljus edulls
Bay scatlop, Muscle Cadmium chloride 42 2,040 Pesch & Stewart,
Argopacten lrradians 1980
LCactnrn noeedos Cndd nambn OPmdrml ivoa A b~ A N 2 18N Famnncl am B MNhooe
[ =2 B A-11l] ‘J’?lw » SRS pey v o LUYIRIUE I TWV IVD P ALY ] "IJU ~ar “ﬂlﬂll a Ilouw ’
Crassostrea virginica 1976
Eastarn oyster, Sott parts Cadmium chioride 20 1,830 Zarooglan, 1979
Crassostres virginica
Eastern ayster, Soft parts Cadmium altrate g8 1,220 Schuster & Pringls,
Crassostrea virginica 1969
Sott~sheil clam, Sott parts Cadmium nitrate 0 160 Pringle, et al,
Mya arenaria 1966
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{based o welight

of human consumer)

Table 5. (Contlinued)
Ouration Bloconcentration
Species Tissue Chamical {davs) Factort Refarance
—t e, il i
Plnk shrimp, ¥hale body Cadmium chloride 30 57 Nlmmo, et al, 1977b
Penasus duorarum
Grass shrimp, wWhole body Cadmium chlaoride 42 22 Pesch & Stewart
Palocomonetes puglo 1980
Grass shrimp, wols body Cadmium chioride 28 3 Nimmo, ot al, 19770
Palaemonetes puglo
Grass shr\np, whole body Cadmium chliorlde 28 307 Nimmo, et al, 1977b
Palasmonetes vuigaris
Green crab, Muscie Cadmium chioride 68 5 wWright, 1977
Carcinus maenas
Green crab, Muscle Cadmium chiorlde 40 7 Jennings & Ralnbow,
Carcinus maenas {379a
* Results are based on cadmlum, not the chemical,
*2gjoconcentration factor was converted from dry welght to wet welght basis,
Maximum Permissible Tissue Concentration

Consumer Etfect Concentration Reference
Mallard, Kidney tubule degeneration; 200 mg/kg in food White & Finley, 19783,b;
Anas ;!a!‘" hynchog signltlcant testls welght tor 90 days White, et al, 1978

raductlon, evidence of

inhibl ted sparmatozoa

production
Man Emetic threshotd 13 to 15 ng/kg Anon., 1950

(o,
[y



Table 5, {(Continued)

fFresh water
Geometric mean of all whole body and whole plant BCFs (welghted by species) = 648,6
Final Residue Value = (200 mg/kg) / 648.6 = 0,3084 mg/kg = 308.4 ug/L

Salt water
Geometric mean of all BCFs (welghted by specles) = 225,7

Flnal Reslidue Yalue = (200 mg/kg) / 225.7 = 0.8861 mg/kqg = 886.1 wg/L
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198)

Bringmann & Kuhn, 1980a,
1981

Siooft, 1983; Siootf,

et al, 1963

Santiago-Faudlino, 1983



Toble 6. (Contlinued)

Specles

Planarlan,
Dugesia luqubris

Mixed macrolnvertebrates

Tubiflcld worm,
Tubjfex tubltex

wWorm,
Pristina sp.

Snall,
Lymnaea stagnalls

Snall,

Physa Integra

Cladoceran,
Caphnla galeata mendotae

Cladoceran,
Daphnla galeata mendotas

Cladoceran,
Daphnia magna

Ciadoceran,

Daphnia magna

Cladoceran,

Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran (3-~5 days),
Daphnia magna

Cladoceran (aduit),

Daghnla magna

Chenical_

Caumlum

Cadmbum

Cadmium

Cadmiun

Cadmium

Cadmium

Cadm | um

Cadmium

Cadmium

Cadmium

Cadmium

Cadmium

Cadmlum

Cadm { um

niltrate

chloride

chilorlde

chloride

nltrate

chloride

chioride

chlorilde

chiorlde

chioride

chioride

sul fate

sul fate

sul fate

Hardness
{mg/L as
CoC04x) Duration
- 48 hrs
1 52 wks
224 48 brs
1.1 52 wks
- 48 bhrs
44-58 28 days
- 22 wks
- 15 days
- 48 thrs
45 2| days
163 712 hrs
- 24 hrs
- 72 hrs
- 72 wks

Result
Effect (pg/L)"®
LC50 >20,000
Reduced taxa 5
Lc50 320,000
Population 5
raduct lon
LC50 583
LC50 10,4
Reduced blomass 4.0
Reduced rate 5.0
ot increase
ECS50 (river 106
water)
Raproduct ive 0.17
impalrment
LC50 14-17
LC50 600
LC50 (10 C) 224
(15 C) 224
{25 C) 12
(38 C) 0.1
LLC50 (10 C) 479
(s c) 187
(25 C) 10,2
(30 C) 2.4

Reterence

Sloott, 1983

Glesy, ot al, 1979
Qurashi, et al. 1980
Glesy, et al, 1979
Stootf, 1983; Slooff,

et al, 1983

Spehar, et al, 1978
Marshatt, 1978a
Marshall, 1978b

Bc Ingmann & Kuhn, 1959a,b
Blesinger & Chr istensen,
1972

Debelak, 1975

B8ringmann & Kuhn, 19770

Braglinskly & Shcherban,
1978

Braglaskly & Shcherban,
1978



Table 6, {(Contlinued)

Specles

Cladoceran,

Daphnia magna

Cladoceran,
Oaphnia magna

Cladoceran,
Naphnia magnra

Cladoceran,

Daphnia pulex

Cladoceran,
Daphnlia pulex

Cladocaran,
Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,
Moina macrocopa

Copapod,
Acanthocyclops virldis

Copepod,
Eucyclops agllis

Crayfish,
Cambarus latimanus

Mayfly,
Closon dlpterum

Maytly,
Cloeon dipterum

Maytly,
Ephemerslia sp.

Chemical

Cadmtium nltrate

Cadm ium

Cadmium

Cadm tum

Cadm lum

Cadmium

Cadm {um

Cadmium

Cadmium

Cadm fum

Cadm ium

Cadmium

Cadmium

Cadmium

chlorlde

chioride

chlorlide

chiorlde

chloride

sulfate

chloride

sultate

chlorlde

chloride

sulfate

nitrate

chloride

Hardness

{mg/L as
CaCly)
200
130
200
57
ti1o
110

100

80-84

44-48

Duration

24 brs
96 hrs
20 days
140 days
48 hrs
21 days
72 hrs
20 days
72 hrs

52 wks

72 brs

48 hrs

28 days

65

Ettect

EC50
EC50
LC50
Reduced

reproduct lon

LCSO (ted)
MATC

LCS0 (fed)
Reduced
survival
LC50
Population

reductlon

Significant
mortality

LC50 (10 C)
(15 Q)
{25 C)
(30 &)

LC50

LC50

Result
Lpg/L)*

Reference

160

670

104-127

10

80-92

0.2

0.5

70,600
28,600
6,990
930

56,000

<3.0

Bel lavera & Gorbl, 1981
Attar & Maly, 1982
Canton & Sloott, 1982
Bertrom & Hart, 1979
Ingersol|l & Winner, 1982
ingersolil & Winner, 1982
Winner, 1984

Hatakeyama & Yasuno,

1981b

Braginskly & Shcherban,
197¢

Glesy, at al, 1979

Tharp, et al. 1979

Braginskiy & Shcherban,
1978

Stootf, et al, 1983

Spehar, et al, 1978



Table 6, (Contlinued)

Species
Maytly,
Hexagenla rig)da
Mosqul to,

Aedos aeqgypti
Mosqul ta,

Culex piplens
Midge,

Tanytarsus dissimills

Coha salmon (Juvenlie),
Oncorhynchus klsufch

Coho saimon (adult),
Oncorhynchus kisutch

Chinook satmon (alevin),
Oncorhynchus ishawytscha

Chinook salmon (swim-up),
Oncorhynchus tshawytscha

Chinook saimon (parr),
Oncorhynchus tshawytscha

Chinook salmon (smoit),
Oncorhynchus tshawytscha

Rainbow trout,
Saimo galrdnerl

Ralnbow frout,
Salmo galrdnerl

Ralnbow trouft,
Saimo galrdnerl

Ralnbow trout,
Salmo galrdneri

Chemical

Cadal um

Cadmlum

Cadaium

Cadmlum

Cadmium

Cadol um

Cadmium

Cadmium

Cadml um

Cadmium

Cadmium

Cadmlum

Cadmium

nltrate

nitrate

nitrate

chiloride

chloride

chiloride

chioride

chioride

chlorlde

chlorlde

stearate

acatate

chioride

Hardness
(mg/L as

CaCOy)

19,1

47
22
22
23
23
23

23

n2

12

66

Duration

96 hrs

48 hrs

48 hrs

10 days

217 bhrs

215 brs

200 nrs

200 hrs

200 hrs

200 bhrs

96 hrs

96 hrs

80 min

18 mos

Eftect

LC50
LCS0
LC50

LC50

Lcs5o
Lcto
Lcto
Lci1o
Lcto
Lcso
Lcs0
Signt ficant

avoldance

Reduced
survival

Result
{pg/L}®
21,000
4,00G
765
3.8
2.0

3.7

18-26

1.3
1.5
6.0
6.2
52

0.2

Reference

Leonhard, et al. 1980
Sloott, et al, 1983
Siooff, et af, 1983
Andarson, et al, 1980
Chapman & Stevens,

1978

Chapman & Steveas,
1978

Chapman, 1978
Chapman, 1978
Chapman, 1978
Chapman, 1978
Kumada, et al. 1980
Kumada, et al. 1980
Black & Birge,

1980

Birge, et al, 1981



Table 6. (Contlinued)

Specles

Ralnbow trout
(embryo, larva),
Salmo galrdanerl

Ralnbow trout,
Sailmo galrdner|

Ralnbow trout (adult),
Salmo gairdner|

Ralnbow trout (alevin),
Salmo galrdnerl

Ralnbow trout (swim—up),
Saimo galrdneri

Rainbow trout (parr),
Salmo galrdnerl

Ral nbow trout (smoit),
Saimo galrdnerl|

Ralabow trout,
Saimo galrdneri

Rainbow trout,
Saimo galrdnerl

Ralnbow frout,
Saimo galrdnerl

Rainbow trout,
Salmo galrdneri

Ralinbow trout,
Salmo galrdnerl

Rainbow trout,
Salmo galrdnerl|

Ralnbow frout,
Salmo galrdner)

Lhemical

Cadmi uw

Cadmi um
Cadalum
Cadmium
Cadmium
Cadmlum
Cadmium
Cadmlum
Cadmfum

Cadml um

Cadmi um
Cadmi um

Cadmium

chioride

chloride

chiorlde

chlorlide

chloride

chloride

sul tate

stearate

acatate

chloride

sulfate

chloride

chlorlde

Hardneoss
(mg/L as

CaC0y)
104

23
23
23
23

326

125

240
320

98.6

28

240

408

186

200

200

200

96

10

10

10

234

47

67

Duration

days

brs

hrs

hrs

hrs

hrs

hrs

hrs

wks

wks

days

days

days

Result

Ettect Lag/L)®

Retferance

EC50 (death and 140
dotormi ty)

LCS0 7
5
LC50 5.2
LCio >6
LC10 1,0
LClo 0.7
Lci1o 0.8
Lc20 20
BCF=27 -
BCF=40
BCF=63 -
LC50 (18 C) 10-30
(12 ¢) 30
(6 C) 10-30
Increased gilli 2
dl ffusion
Physlological 10
effects

Reduced growth 100
and survlval

Birge, 1978; Birge,
ot al, 1980

Kumada, et al, 1973
Chapman & Stevens,
1978

Chapman, 1978
Chapman, 1978
Chapman, 1978
Chapman, 1978
Davies, 1976
Kumada, et ail, 1980

Kumada, et al, 1980

Roch & Maly, 1979

Hughes, et al, 1979

Arlllo, at al, 1982,
1984

Woodworth & Pascoe,
1982



Table 6, (Contlinued)

Specles

Rainbow trout
{embryo, larva),
Salmo galirdnerl

Ralnbow trout (larva),
Saimo galrdneri

Rainbow trout (larva),
Salmo galrdner|

Ralnbow trout,
Salmo qairdnerl

Ralnbow trout,
Saimo galrdner|

Ralinbow frout,
Salma galrdner|

Rainbow frout,
Salmo qalrdner{

Atlantic saimon,
Salmo salar

Brook trout,
Salvelinus fontinalis

Goidtish (embryo, larva),
Carassius auratus

Goidtish,
Carass lus auyratus

Common carp {embryo),
Cyprlnus carplo

Fathead minnow,
Pimephales promelas

Chemical

Cadmium

Cadm]um

Cadm{um

Cadmium

Cadmlum

Cadm}um

Cadmium

Cadmlum

Cadmlum

Cadmium

Cadm ] um

Cadmloum

sul fate

chior lde

chlorlde

nitrate

chloride

chlor lde

chloride

chlorlde

chlorida

chiorlde

sulfate

chlor tde

Hardness
{mg/L as
CaCOq} Duration Eftect
100 62 days Reduced
survival
89-107 7 days LC50
89-107 7 davs LC50 after 24
days acclimated
to 5.9 wgfL
- 48 hrz LC50
a2 11 days 1C50 (10 C)
62 8 days LC50 (15 C)
82 178 days Physlological
effects
13 70 days Reduced growth
10 21 days Tasticular
damage
195 7 days EC50 (death and
(deformity)
- 50 days Reduced plasma
sod fum
360 - EC50 (hatch)
63 96 hrs LC50

68

Result
(!gILl'

Reference

<5

700

1,590

55

16.0

16.6

3.6-6.4

V4

10

170

44,5

2,094

80,8

Dave, at sl. 1981

Blrge, et al, 1983

B8irge, ot al. 1983

Slooft, at al, 1983
Majewskl & Giles, 1984
Majewsk! & Glles, 1984
Majewsk] & Giles, 1984
Peterson, 1983
Sangatang & O'Hat loran,
1972, 1973

Blrge, 1978

McCarty & Houston,

1976

Kapur & Yadav, 1982

Spehar, 1982



Table 6. (Contlnued)

Specles

Fathead minnow,
Pimephales promelas

fathead milnnow,
Plimephales promelas

Fathead minnow,
Plmephales promelas

Fathead mlinnow,
Pimephales promeilas

Fathead mlnnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead mlnnow,
Pimephales promalas

Fathead minnow,
Pimephales promalas

Fathead minnow,
Plmephales promalas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Plimephales promelas

Fathead minnow (larva),

Pimephales promelas

Fathead minnow (larva),

Pimephales promelas

Chemical

Cadmi um

Cadmi um

Cadmium

Cadmi um

Cadml um

Cadm| um

Cadmj um

Cadmi um

Cadmi um

Cadml um

Cadmlum

Cadmi um

Cadmium

chloride

chloride

chloride

chioride

chloride

chlorlde

chloride

chlorlde

nltate

chlorlde

chioride

chloride

chlorlde

Hardness
(ag/L as
CaC0y) Duration
55 96 brs
59 96 hrs
66 96 hrs
65 96 hrs
74 96 hrs
79 9 hrs
62 96 nhrs
63 96 bhrs
- 48 hrs
103 6.6 hrs
254-211 3.7 hrs
89-107 1 days
89-107 7 days

69

LC50

LC50

LC50

LC50

LC50

LC50

LC50

LT50

LT50

Les50

LC50 after 4
days accllimated
1o 5.6 ug/L

Sloot, et ai,. 1983

Birge, et al, 1983

Blrge, ot al, 1983

Birge, et al, 1983

Result

{pg/L)®  Reterence
40,9 Spehar, 1982
64.8 Spehar, 1982
135 Spehar, 1982
120 Spehar, 1982
86.3 Spehar, 1982
86,6 Spehar, 1982
114 Spehar, 1982
80.8 Spehar, 1982

2,200

6,000

16,000
200
540

Birge, et aj, 1983



Table 6. (Continued)

Specles

Fathead mlnnow,
Pimephales promelas

Fathead winnow,
Plmephales promelas

Brown bul lhead,
lctalurus nebulosus

Channal catflsh,
ictalurus punctatus

Channel cattlsh,
lctalurus punctatus

Mosqul toflsh,
Gambusla atfinls

Mosqul totlsh,
Gambusla aftinls

Guppy,
Poeclilila reticulata

Bluegi i,
Lepomls macrochlrus

Bluegl it,
Lepomls macrochlrus

Largemouth bass,
Mlcropterus salmoldes

Chemical

Cadml um

Cadmium

Cadmium

Cadaium

Cadml s

Cadmium

Cadmium

Cadmium

Cadm}um

Cadm)} um

Cadml um

chlaride

nitrate

chiloride

chioride

chloride

chloride

chloride

nltrate

chjoride

chloride

chiorlde

Hardness
(mg/L =%
CalDy) Duration
- 4 days
209 48 bhrs
- 2 s
- 8 wks
29 8 wks
209 48 hrs
112 80 aln
340-360 3 days
112 80 min

70

Reference

Result
Etfect Apg/Li®
Histologlcal 12,000
ot fects
LC50 802
Affected 61,300
glils and
ki dnoy
Increased 0.5
albinism
BCF=4 ,0-6,7 -
BCF=6,100 at -
0.02 ug/L &
V.13 ppm added
to food
BCF=1 ,430 at -

10 ug/L & 1,13
ppm added to tfood

LC50 41,900
Significant i,
avoldance

Iincreased 50
cough rate

Signiticant 6.83
avoldance

Stromberg, et ai, 1983

Stoaff, et al. 1983

Bflckens, 1978;
Garotano, 1979

Wasterman & Blrge,
1978
Birge, ot al, 1979

Williams & Glesy, 1978

Williams & Glesy, 1978

Slootf, et ai. 1983

Black & Blrge, 1980

Bishop & Mcintosh, 1981

Black & Blirge, 1980



Table 6., (Continued)

Campanularla flexuoss

71

Hardness

{mg/L as Result
Specles Chenlcsal Cal04) Duratlon Ettect {ug/L)® Retfersnce
Largemouth bass Cadmium chiorlde 99 8 days EC50 (desath 1,640 8irgs, &t ai. 1978
{embryo, larva), and detormi ty)
Micropterus sailmoides
Largemouth bass, - - 24 hrs Af tfected oper- 150 Morgan, 1979
Micropterus salmoldes cular actlvity
Narrow-mouthed toad Cadmlum chloride 195 7 days £C50 (death 40 8lrge, 1978
(embryo, larva), and deformlty)
Gastrophyryne
caroiinensls
African clawed frog, Cadaium nlfrate 209 48 hrs LC50 11,700 Sloot f & Baerselman, 1980;
Xenopus laevils Sloott, et al, 1983
African clawed frog, - 170 48 hrs LC50 3,200 Canton & Sloott, 1982
Xenopus laevils
African clawed frog, - 170 100 days inhibl ted 650 Canton & Slooff, 1982
Xenopus laevis development
Marbled salamander Cadmium chiorlde 99 8 days EC50 (death 150 Birge, ot al, 1978
(embryo, larva), and deformity)
Ambystoma opacum

SALTWATER SPECIES

Natural phytopliankton Cadmium chloride - 4 days Reducead 112 Hol | I baugh, et al, 1980
population biomass
Hydrold, - - - Enzyme 40-75 Moore & Stebblng, 1976
Campanularia flexuosa inhibl tion
Hydroid, - - 11 days Growth rate 110-280 Stebbing, 1976



Table 6, (Continued)

Specles

Polychaete worm,

Neanthes arenacsodentata

Polychaete worm,
Capltella capltata

Polychaate worm,
Capltella capltata

Blue mussal,
Mytilus edulls

8lue mussse!,
Mythlus edulls

Blue mussel,
Mytilus edulls

Blue mussel,
Mytllus edulils

Blue mussel,
Mytllus edulis

Bay scal ilop,
Argopecten Irradians

Bay scallop,
Argopecten lrradlans

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virglinica

Eastern oyster,
Crassostrea virginica

Pacl tlc oyster,
Crassostrea glgas

Chemlical

Cadmium

Cadmium

Cadmi um

Cadmium

Cadmi um

Cadm| um

Cadmium

Cadmium

Cadmi um

Cadmium

Cadmium

Cadmium

Cadmium

Cadmium

chiorilde

chloride

chiloride

EDTA

alginate

humate

pectate

chloride

chloride

chloride

lodide

chloride

chiloride

chloride

Hardness
(mg/L as

CaCly)

28

28

28

21

42

21

40

21

Duration

days

days

days

days

days

days

days

days

days

days

days

days

days

days

Eftect

LC50

LCS0

LC50
BCF=252
BCF=252
BCF=252
BCF=252
BCF=710
£C50 (growth
reductlion)
BCF=168
BCF=61717

BCF=149

fReduction In
embryonic
developmant

508 reduction
in settlement

Result

dpg/t)’®

Retorence

3,000

630

700

18

15

20~-25

Relsh, et al, 1976
Reish, ot al. 1978
Relsh, et al, 1976
Gaorge & Coambs, 1971
George & Coambs, 1977
George & Coambs, 1977
George & Coambs, 1977
Janssen & Schalz, 1979
Pesch & Stewart, i980
Eisler, et al, 1972
Kertoot & Jacobs, 1976
Elsler, et al, 1972

Zarooglan & Morrison,
1981

watlling, 1983b



Table 6. {(Continued)

Hardness

(mg/L as Result
Species Cheaical CaC04) Duration Effect Apg/L)® Retference
Pacl fic oyster, Cadmlum chilorlde - 14 days Growth 10 watling, 1983b
Crassostrea qlqas reduction
Paclfic oyster, Cadmium chloride - 23 days LC50 50 watling, 1963b
Crassostrea glgas
Soft-shell clam, Cadmium chloride - 71 days LC50 150 Eisler, 1977
Mya arenarla
Soft-shell clam, Cadmlum chloride - 7 days LC50 700 Elsier & Hennekey .
Mya arenaria 1977
Copepod (naupllus), Cadmjum chlorlde - 1 day Reduction in 130 Sul tivan, et al, 1983
Eurytemora atfinls swimming speed
Copepod (naupllus), Cadmlum chloride - 2 days Reduction in 116 Sullivan, et al, 1983
Eurytemora atflnls development rate
Copepod, Cadmium chloride - 48 nrs LC50 970 Moral tou-Apostolopoulou
Tisbe holothurlae 4 Verriopoulos, 1982
Mysltd, - - 17 days LCS0 (15-23 g/kg 1 Nimmo, et al. 1977a
Myslidopsis bahla salinlty)
Myslid, Cadmlum chiorlde - 16 days LC50 (30 g/kg 28 Gentilae, et al. 1982
Myslidopsis bahia salinlty)
Mysid, Cadmium chloride - 8 days LC50 60 Gentlle, at al. 1982
Mysldopsls bahia
Mysid, Cadmium chloride - 8 days LCS50 10 Gentlle, ot al, 1982
Mysidopsls blgelowl
Myslid, Cadmium chiorlde - 28 days LC50 18 Gentlla, at al_ 1982
Mysldopsls bigelowl
Isopod, Cadmlum sultate - 5 days LC50 (3 g/kg 10,000 Jones, 1975
idotea baltica salinlty)

-4
w



Table 6, (Contlpued)

Specles

t sopod,
ldotea baltica

I sopod,
ldotea baltica

Plak shrimp,
Panasus duorarum

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shriap,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes pugla

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palasmonetes vulgarls

American fobster,
Homarus amer |canus

Chemlical

Cadalum sul fate

Cadmium sul fate

Cadmium chloride
Cadmjum chiorlde
Cadmium chloride
Cadmlum chloride
Cadmium chlorlde
Cadalum chiorlde
Cadmlum chlorlde
Cadmtum chloride
Cadmium chioride
Cadmium chiaride

Cadmium chlaorlde

Hardness
(mg/L as
CaCOy)

-

74

3

1.5

30

42

21

21

21

21

29

2]

Duration

days

days

days

days

days

days

days

days

days

days

days

days

days

Effect

LC50 (21 g/kg
salinlty)

LC50 (14 g/kg
salinity)

LC50

LC50

LC25 (5 g/kg
salinlty)

LCI0 (10 g/kg
sallinlty)

LCS (20 g/kg
sallnlty)

LC?5 (10 g/kg
sallalty)

LCS0 (15 g/kg
salinl ty)

LC25 (30 g/kg
salinity}
BCF=140

LC50

BCF=25

Result
{pg/L)*  Reference
10,000 Jones, 19715
10,000 Jones, 1975
720 Nimmo, ef al, 1977b
300 Pesch & Stewart, 1980
50 Vernberg, et ai, 1977
50 Yernberg, et al, 1977
50 Yarnberg, et al, 1977
300 Middaugh & Floyd, 1978
300 Mlddaugh & Floyd, 1978
300 Mliddaugh & Fioyd, 1978
- Vernberg, et ai. 1977
120 Nimmo, et al, 1977

Elsler, et al, 1972



Table 6, (Continued)

Hardness

{=g/L 2s Result
Specles Chemlcal CaC0y) Ouration Effect Lpg/L)*  Retference
American lobster, Cadmlum chiorlde - 30 days Increase In 6 Tucker, 1979
Homarus smerlicanus ATPase activity
Hermit crab, Cadmium chlorlde - 7 days 25% mortallty 270 Eisler & Hennokey,
Pagurus longlcarpus 1977
Hermlt crab, Cadmium chloride - 60 days LCS6 70 Pesch & Stewart, 1980
Pagurus longlcarpus
Rock crab Cadmlum chiloride = 36 bhrs Enzyme acvivity 1,000 utd, ot ai, 197
Cancer lIrroratus
Rock crab (larva), Cadmium chloride - 28 days Delayed 50 Johns & Miiler, 1982
Cancer lrrcoratus dovelopment
Blue crab, Cadmlum altrate = 7 days LC50 (10 g/kg 50 Rosenberg & Costiow,
Calllinectes sapldus salinity) 1976
Blue crab, Cadmium nltrate - 7 days LC50 (30 g9/kq 150 Rosenberg & Costlow,
Calllnsctes sapldus salinity) 1976
8lus crab {Jjuventlis}, Cadmium chiorlde - 4 days LC50 {1V g/kg 320 frank & Robertson,
Calllnectes sapldus sallnity) 1979
HMud crab (larva), Cadmium chloride - 8 days LC50 10 Mirkes, et al, 1978
Eurypanopeus u@ﬁfassus
Mud crab {larval, Cadalum chiloride - 34 days Gei‘y in 0 Mirkes, et ai, 1978
Eurypanopeus depressus metamorphysis
Mud crab, Cadmum nitrate - 11 days LCBO (10 g/kg 50 Rosenberg & Costlow,
thur:ganopaus harcisil ditaityl 1576
HMud crab, Cadmlum nitrate - il days iC75 (20 g/kg 50 Rosenberg & Costiow,
Rhlthropanopeus harrisli sallnity) 1976
Mud crab, Cadmium nltrate - 11 days LC40 (30 g/kg 50 Rosenberg & Costlow,
Rhi thropanopeus harrisii sailnity) i976

iddier crab - - 10 days iLC50G 2,560 O'Hara, 1975a




Table 6, (Continued)

Specles

Fiddler crab,
Uca pugl lator

Startfish,
Asterlas torbesl|

Herring (larval,
Clupea harengus

Pacltic herring (embryo),

Clupea harenqus pailasli

Pacific herring (embryo),

Clupea harengus pallasi

Pacl tic herring (embryo),

Clupea harengus pallasi

Mummichog (adult),
Fundulus heteroclitus

Mummichog (adult),
Fundulus heterocil| tus

Mummichog,
Fundulus heteroclltus

Mummichog (larva),
Fundulus heteroclitus

Mummichog (larva),
Fundulus heterociitus

Atlantic sllverside
(aduit),
Menldia menldia

Atlantic silverside
(adult),
Menldla menidia

Chemical

Cadmlum

Cadmium

Cadmium

Cadmium

Cadmium

Cadmlum

Cadmium

Cadmi um

Cadmium

Cadml um

Cadmi um

Cadmium

Cadml um

chloride

chlorida

chioride

chioride

chlorlde

chlorlde

chioride

chloride

chloride

chloride

chlorlide

chloride

chlorjde

Hardness
{mg/L as
CaCDy)

Duration

76

<24

96

48

48

48

21

48

48

48

48

days

hrs

hrs

hrs

hrs

hrs

days

hrs

hrs

hrs

hrs

Reterence

Result
Eftect tpg/L)"
Effect on 1.0
respliration
25% wmortality 270
100f embryonic 5,000
survival
178 reduction 10,000
in volume
Decreaasa in 1,000

capsule strength
Reduced osmo- 1,000
fality of
periviteline
fluld

LC50 (20 g/kg 60,000
sallalty)

LCS0 (30 g/kg
salinity)

43,000

BCF=48 -

LCS50 (20 g/kg 32,000

salinity)

LCS0 (30 g/kg 7,800

salinity)

LC50 (20 g/kg
sallinlty)

13,000

1.C50 (30 g/kg
salinity)

12,000

Yernberg, et al, 1974

Elslear & Hennekey,
1977

Westerahagen, et al.
1979

Alderdice, of al,
1979a

Alderdice, ot al.
19790

Alderdlce, at al,
1979¢

Middaugh & Dean, 1977

Middaugh & Dean, 1977

Elsler, of al. 1972

Middaugh & Dean, 1977

Middaugh & Deaan, 1977

Middaugh & Dean, 1977

Middaugh & Dean, 1977



Table 6, (Contlinued)

Specles

Atlantic slliverside,
Manldia menidia

Atlantic silverside,
Menldia maenldla

Atlantic sllverslde,
Menldla menlidla

Atiantlc silverslde
(larva),
Menldia menidia

Aftlantic sliverslde
(larva),
Menidia menidia

Striped bass {juvenlie),
Morone saxatliis

Striped bass (juvenile),
Morone saxatltlis

Spot (larva),
Lelostomus xanthurus

Cunner {adult),
Tautogolabrus adspersus

Cunner (adult),
Tautogolabrus adspersus

Cunner (adult),
Tautogolabrus adspersus

Winter flounder,
Pseodop leuronectes
amer i canus

Chemical

Cadmium chlorlide
Cadmium chiorlde
Cadmium chloride

Cadmium chioride

Cadmium chjoride

Cadmium choride

Cadmium chloride

Cadmlum chloride
Cadmium chloride

Cadmium chloride

Cadmlum chioride

Cadmium chlorlde

Cal0«)

Hardness
(mg/L as
Duration

- 19 days

- 19 days

- 19 days

- 48 hrs

- 48 brs

- 90 days

- 30 days

- 9 days

- 60 days

- 30 days

- 96 hrs

- 8 days

77

Ettect

LCS0 (12 a/kg
salinity)

LC50 (20 g/kg
sallinlty)

LC50 (30 g/kg
salinlty)

LC50 (20 g/kg
sallnlty)

LC50 (30 g/kg
salinlty}

Signl ficant de-

Result
(pg/L)*

Reforence

<160

540

>970

2,200

1,600

5

crease In enzyme

activity

Significant de-

0.5-5.0

crease (n oxygen

consumptlon

incipient LC50

37.5% mortaillty

Depressed gli |

tIssue oxygen
consumption

Decreased on
zyme activity

508 viable
hatch

200

100

50

3,000

300

Voyer, af al, 1979

Voyer, et al, 1979

Voyer, et al, 1979

Mlddaugh & Dean, 1977

Middaugh & Dean, 1977

Dawson, et al, 1977

Dawson, et al, 1977

Middaugh, et al, 1975

Maclnnes, et al, 1977

Macinnes, et al, 1977

Gould & Karolus, 1974

Voyer, et at, 1977



Table 6, {(Continued)

Specles

Winter tlounder,
Pseodopleuronectes
amer | canus

Winter tlounder,
Pseudop leuronectes
amer | canus

Chemical

Cadmium chloride

Cadmium chtoride

Hardness
{mg/L as
CaC0y)

-

Duration

60 days

17 days

Effect

Increased gill
tissue
respiration

Reduction of
viable hatch

Result
(pg/L)*

Reterence

5

586

Calabrese, et al, 1975

Voyer, et al. 1982

* Results are expressed as cadmlum, not as the chemical.
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